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How To Use This Book 


This book has been organized by product type, beginning with 
Product Information. The products are next, starting with SRAMs, 
then PROMs, EPLDs, FIFOs, Logic, RISC, Modules, and ECL. 
A section containing military information is next, followed by the 
BridgeMOS® product family, and then the Design and Program- 
ming Tools section. Quality and Reliability aspects are next, then 
Thermal Data and Packages. Within each section, data sheets are 
arranged in order of part number. JEDEC-standard module data 
sheets are reprinted in full in the appropriate SRAM or Logic sec- 
tions, and single-page references have been placed in the Modules 


section. All other module data sheets can be found printed in full 
in the Modules section, with single-page references in the SRAM 
and Logic sections. 

A Numeric Device Index, included after the Table of Contents, 
identifies products by numeric order rather than by device type. 
To further help you in identifying parts, a product line Cross Refer- 
ence Guide is in the Product Information section. It can be used 
to find the Cypress part number that is comparable to another 
manufacturer’s part number. 
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BridgeMOS™ is a trademark of Cypress Semiconductor Corporation. 
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7C285 65,536 x 8 Reprogrammable Fast Column Access PROM 3-124 

7C286 65,536 x 8 Reprogrammable Registered PROM 3-131 

7C287 65,536 x 8 Reprogrammable Registered PROM 3-131 

7C289 65,536 x 8 Reprogrammable Fast Column Access PROM 3-124 

7C291 2048 x 8 Reprogrammable PROM 3-136 

7C291A 2048 x 8 Reprogrammable PROM 3-145 

7C292 2048 x 8 Reprogrammable PROM 3-136 

7C292A 2048 x 8 Reprogrammable PROM 3-145 

7C293A 2048 x 8 Reprogrammable PROM 3-145 

7C330 CMOS Programmable Synchronous State Machine 4-89 

7C331 Asynchronous Registered EPLD 4-101 

7C332 Registered Combinatorial EPLD 4-113 

7C336 6-ns BiCMOS PAL with Input Registers 4-123 

7C337 7-ns PAL with Input Registers 4-124 

7C338 6-ns BiCMOS PAL with Output Latches 4-125 

7C339 7-ns BiCMOS PAL with Output Latches 4-126 

7C340 EPLD Family Multiple Array Matrix High-Density EPLDs 4-127 

7C341 192-Macrocell MAX EPLD 4-134 

7C342 128-Macrocell MAX EPLD 4-137 

7C343 64-Macrocell MAX EPLD 4-149 

7C344 32-Macrocell MAX EPLD 4-161 

7C345 128-Macrocell MAX EPLD 4-137 

7C361 Ultra High Speed State Machine EPLD 4-171 

7C401 64 x 4 Cascadeable FIFO 5-6 

7C402 64 x 5 Cascadeable FIFO 5-6 

7C403 64 x 4 Cascadeable FIFO with Output Enable 5-6 

7C404 64 x 5 Cascadeable FIFO with Output Enable 5-6 

7C408A 64 x 8 Cascadeable FIFO 5-16 

7C409A 64 x 9 Cascadeable FIFO 5-16 

7C420 512 x 9 Cascadeable FIFO 5-30 

7C421 512 x 9 Cascadeable FIFO 5-30 

7C424 1024 x 9 Cascadeable FIFO 5-30 

7C425 1024 x 9 Cascadeable FIFO 5-30 

7C428 2048 x 9 Cascadeable FIFO 5-30 

7C429 2048 x 9 Cascadeable FIFO 5-30 

7C432 4096 x 9 Cascadeable FIFO 5-43 

7C433 4096 x 9 Cascadeable FIFO 5-43 

7C439 2048 x 9 Bidirectional FIFO 5-53 

7C441 512 x 9 Synchronous FIFO 5-65 

7C442 2K x 9 Synchronous FIFO 5-65 
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7C443 512 x 9 Cascadeable Synchronous FIFO 5-66 

7C444 2K x 9 Cascadeable Synchronous FIFO 5-66 

7C510 16 x 16 Multiplier Accumulator 6-19 

7C516 16 x 16 Multipliers 6-31 

7C517 16 x 16 Multipliers 6-31 

7C601 32-Bit RISC Processor 7-6 

7C602 Floating-Point Unit 7-14 

7C604 Cache Controller and Memory Management Unit 7-20 

7C605 Cache Controller and Memory Management Unit 7-29 

7C611 32-Bit RISC Controller 7-39 

7C901 CMOS 4-Bit Slice 6-43 

7C909 CMOS Microprogram Sequencers 6-58 

7C910 CMOS Microprogram Controller 6-69 

7C911 CMOS Microprogram Sequencers 6-58 

7C9101 CMOS 16-Bit Slice 6-80 

7C9115 CMOS 16-Bit Microprogrammed ALU 6-97 

7C9116 CMOS 16-Bit Microprogrammed ALU 6-97 

7C9117 CMOS 16-Bit Microprogrammed ALU 6-97 

8C150 BridgeMOS 1024 x 4 Static RAM Separate I/O 11-1 

8C245 BridgeMOS 2048 x 8 Reprogrammable Registered PROM 11-1 

8C291 BridgeMOS Reprogrammable 2048 x 8 PROM 11-1 

8C901 BridgeMOS 4-Bit Slice 11-1 

8C909 BridgeMOS Microprogram Sequencer 11-1 

8C911 BridgeMOS Microprogram Sequencer 11-1 

93422 256 x 4 Static R/W RAM 2-300 

93422A 256 x 4 Static R/W RAM 2-300 

93L422 256 x 4 Static R/W RAM 2-300 

93L422A 256 x 4 Static R/W RAM 2-300 

M1220 64K x 4 Static RAM Module 2-306 

M1240 256K x 4 Static RAM Module 2-311 

M1400 32K x 8 Static RAM Module 2-316 

M1420 128K x 8 Static RAM Module 2-321 

M1421 128K x 8 Static RAM Module 2-326 

M1422 128K x 8 Static RAM Module 8-8 

M1423 128K x 8 Static RAM Module 2-333 

M1441 256K x 8 Static RAM Module 8-14 

M1460 512K x 8 Static RAM Module 8-19 

M1461 512K x 8 Static RAM Module 8-24 

M1464 512K x 8 Static RAM Module 2-341 

M1540 256K x 9 Buffered Static RAM Module with Separate I/O 8-31 

M1610 16K x 16 Static RAM Module 2-347 

M1611 16K x 16 Static RAM Module 8-37 

M1620 64K x 16 Static RAM Module 2-354 

M1621 64K x 16 Static RAM Module 8-45 

M1622 64K x 16 Static RAM Module 8-51 

M1623 64K x 16 Static RAM Module 2-361 

M1624 64K x 16 Static RAM Module 8-57 

M1641 256K x 16 Static RAM Module 8-62 

M1720 32K x 24 Static RAM Module 8-67 

M1821 16K x 32 Static RAM Module 8-72 

M1822 16K x 32 Static RAM Module with Separate I/O 8-79 

M1830 64K x 32 Static RAM Module 8-86 


xi 
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M1831 64K x 32 Static RAM Module 8-91 

M1832 64K x 32 Static RAM Module 8-96 

M1841 256K x 32 Static RAM Module 8-101 

M1910 16K x 68 Static RAM Module 8-107 

M1911 16K x 68 Static RAM Module 8-113 

M4210 Cascadeable 8K x 9 FIFO 5-67, 8-120 

M4220 Cascadeable 16K x 9 FIFO 5-68, 8-121 

PAL 22V 10C Universal PAL Device 4-80 

PAL 22VP10C Universal PAL Device 4-80 

PAL® C 20 Series Reprogrammable CMOS PAL C 16L8, 16R8, 16R6, 16R4 4-7 

PAL C 20G10B CMOS Generic 24-Pin Reprogrammable Logic Device 4-33 

PAL C 20G10 CMOS Generic 24-Pin Reprogrammable Logic Device 4-33 

PAL C 22V 10B Reprogrammable CMOS PAL Device 4-61 

PAL C 22V 10 Reprogrammable CMOS PAL Device 4-61 

PLD C 18G8 CMOS Generic 20-Pin Programmable Logic Device 4-26 

16L8 4-26 

16R4 4-26 

16R6 4-26 

16R8 4-26 

PLD 20RA10 Reprogrammable Asynchronous CMOS Logic Device 4-52 


xii 
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CYPRESS 

SEMICONDUCTOR 


Cypress Semiconductor Background 

Cypress Semiconductor was founded in April 1983 with the stated 
goal of serving the high-performance semiconductor market. This 
market is served by producing the highest-performance inte- 
grated circuits using state-of-the-art processes and circuit design. 
Cypress is a complete semiconductor manufacturer, performing 
its own process development, circuit design, wafer fabrication, as- 
sembly, and text. The company went public in May 1986 and was 
listed on the New York Stock Exchange in October 1988. 

The initial semiconductor process, a CMOS process employing 
1.2-micron geometries, was introduced in March 1984. This pro- 
cess is used in the manufacturing of Static RAMs and Logic cir- 
cuits. In the third quarter of 1984, a 1.2-micron CMOS EPROM 
process was introduced for the production of programmable prod- 
ucts. At the time of introduction, these processes were the most 
advanced production processes in the industry. Following the 
1.2-micron processes, a 0.8-micron CMOS SRAM process was im- 
plemented in the first quarter of 1986, and a 0.8-micron EPROM 
process in the third quarter of 1987. 

In keeping with the strategy of serving the high-performance mar- 
kets with state-of-the-art integrated circuits, Cypress introduced 
two new processes in 1989. These were a bipolar submicron pro- 
cess, targeted for ECL circuits, and a BiCMOS process to be used 
for most types of TTL and ECL circuits. 

The circuit design technology used by Cypress is also state of the 
art. This design technology, along with advanced process technol- 
ogy, allows Cypress to introduce the fastest, highest-performance 
circuits in the industry. Cypress's products fall into seven families: 
high-speed Static RAMs, PROMS, Erasable Programmable Log- 
ic Devices, Logic, RISC microprocessors, ECL SRAMs and 
PLDs, and module products. Members of the CMOS Static RAM 
family include devices in densities of 64 bits to 256K bits, and per- 
formance from 7 ns to 35 ns. The various organizations, 16 x 4, 
256 x 4 through 256K x 1, 32K x 8, and 64K x 4 provide optimal 
solutions for applications such as large mainframes, high-speed 
controllers, communications, and graphics display. Cypress’s BiC- 
MOS family of 64K SRAMs in 16K x 4 and 32K x 8 configurations 
offers speeds as fast as 10 ns. 

Cypress's CMOS programmable products consist of high-speed 
PROMs and Erasable Programmable Logic Devices (EPLDs), 
both employing an EPROM programming element. Like the 
high-speed Static RAM family, these products are the natural 
choice to replace older devices because they provide superior per- 
formance at one half of the power consumption. PROM densities 
range from 4 to 512 kilobits in byte-wide organization. EPLD 
products range from 20 pins to 68 pins with performance as fast 
as 125 MHz. To support new programmable products, Cypress in- 
troduced the QuickPro® programming system (CY3000) for 
PLDs and PROMs, and the PLD ToolKit for PLDs. QuickPro is 
a development tool that includes a single, IBM PC® compatible 
add-on board and a software utility program. The PLD ToolKit 
is a software design tool that assembles and simulates logic func- 
tions, generates JEDEC files, and reverse assembles to create 
source files. Both QuickPro and the PLD ToolKit software are up- 
dated via floppy disk, thereby allowing quick support of all Cy- 
press programmable products. 

Logic products include circuits such as 4-bit and 16-bit slices, 16 
x 16 multipliers and 16-bit microprogrammable ALUs, a family 


of IK x 8 and 2K x 8 dual-port SRAMS, as well as a family of 
FIFOs that range from 64 x 4 to 4K x 9. FIFOs provide the inter- 
face between digital information paths of widely varying speeds. 
This allows the information source to operate at its own intrinsic 
speed, while the results may be processed or distributed at a speed 
commensurate with need. 

Until 1988, all Cypress products were TTL I/O-compatible. In 
1989, Cypress introduced ECL products having access times 
(propagation delays) of less than 3.5 ns in either of the popular 
I/O configurations, 100K or 10K/10KH. ECL RAMs include 256 
x 4, IK x 4, and 16K x 4 RAM families with balanced read/write 
cycles. The ECL PLDs are combinatorial 16P8 and 16P4 devices 
that can be programmed on QuickPro and other commercially 
available programming tools. Both the RAMs and PLDs are of- 
fered in low-power versions, reducing operating power by 30 to 
40 percent while achieving 5-ns access times (RAM) and 6-ns t PD 
(PLD). 

The module family consists of both standard and custom modules 
incorporating circuits from the other six product families. This ca- 
pability provides a fast, low-risk solution for designs requiring the 
ultimate in system performance and density. Several module con- 
figurations are available depending on height and board real es- 
tate constraints. Modules include Single-In-Line, Dual-In-Line, 
Dual Single-In-line, Vertical Dual-In-Line, Quad-In-Line, and 
(Staggered) Zig-Zag-In-Line packages. 

Cypress’s CY7C600 family of RISC microprocessor products pro- 
vides state-of-the-art high-performance computing for applica- 
tions ranging from UNIX-based business computers and worksta- 
tions to embedded controls. Based on the SPARC® RISC 
architecture, the family provides a complete solution with Integer 
Unit (IU), Floating-Point Unit (FPU), Cache Control and 
Memory Management Unit (CMU), and Cache RAMs 
(CRAMs). The family is functionally partitioned to provide a 
range of features, performance, and price to suit each type of 
application. 

Situated in California’s Silicon Valley (San Jose) and Round Rock 
(Austin), Texas, Cypress houses R&D, design, wafer fabrication, 
assembly, and administration. The facilities are designed to the 
most demanding technical and environmental specifications in 
the industry. At the Texas facility, the entire wafer fabrication area 
is specified to be a Class 1 environment. This means that the ambi- 
ent air has less than 1 particle of greater than 0.2 microns in diam- 
eter per cubic foot of air. Other environmental considerations are 
carefully insured: temperature is controlled to a ±0.2 degree 
Fahrenheit tolerance; filtered air is completely exchanged more 
than 10 times each minute throughout the fab; and critical equip- 
ment is situated on isolated slabs to minimize vibration. 
Attention to assembly is equally as critical. Cypress assembles and 
tests 55 packages in the United States at its San Jose, California 
plant. Assembly is completed in a clean room until the silicon die 
is sealed in a package. Lead frames are handled in carriers or cas- 
settes through the entire operation. Automated robots remove 
and replace parts into cassettes. Using sophisticated automated 
equipment, parts are assembled and tested in less than five days. 
The Cypress assembly line is the most flexible, automated line in 
the United States. 

The Cypress motto has always been “only the best— the best faci- 
lities, the best equipment, the best employees ... all striving to 
make the best CMOS, BiCMOS, and bipolar products. 


IBM PC® is a registered trademark of International Business Corporation. 
QuickPro® is a trademark of Cypress Semiconductor Corporation. 
SPARC® is a trademark of Sun Microsystems, Inc. 



Cypress Process Technology 

In the last decade, there has been a tremendous need for high- 
performance semiconductor products manufactured with a bal- 
ance of SPEED, RELIABILITY, and POWER. Cypress Semi- 
conductor has overcome the classically held perceptions that 
CMOS is a moderate-performance technology. 

Cypress initially introduced a 1.2-micron “N” well technology 
with double-layer poly and a single-layer metal. The process em- 
ploys lightly doped extensions of the heavily doped source and 
drain regions for both “N” and “P” channel transistors for signifi- 
cant improvement in gate delays. Further improvements in per- 
formance, through the use of substrate bias techniques, have add- 
ed the benefit of eliminating the input and output latch-up 
characteristics associated with the older CMOS technologies. 

Cypress pushed process development to new limits in the areas 
of PROMs (Programmable Read Only Memory) and EPLDs (Er- 
aseable Programmable Logic Devices). Both PROMs and EPLDs 
have existed since the early 1970s in a bipolar process that 
employed various fuse technologies and was the only viable high- 
speed nonvolatile process available. Cypress PROMs and EPLDs 
use EPROM technology, which has also been in use in MOS 
(Metal Oxide Silicon) also since the early 1970s. EPROM technol- 
ogy has traditionally emphasized density advantages while forsak- 
ing performance. Through improved technology, Cypress has 
produced the first high-performance CMOS PROMs and 
EPLDs, replacing their bipolar counterparts. 

To maintain our leadership position in CMOS technology, Cy- 
press has introduced a sub-micron technology into production. 
This process reduces the drawn channel length from the current 
1.2 microns to 0.8 microns. This sub-micron breakthrough makes 
Cypress’s CMOS one of the most advanced production processes 
in the world. 

To further enhance the technology from the reliability direction, 
improvements have been incorporated in the process and design, 
minimizing electrostatic discharge and input signal clipping prob- 
lems. 

Finally, although not a requirement in the high-performance are- 
na, CMOS technology substantially reduces the power consump- 
tion for any device. This improves reliability by allowing the de- 
vice to operate at a lower die temperature. Now higher levels of 
integration are possible without trading performance for power. 
For instance, devices may now be delivered in plastic packages 
without any impact on reliability. 

While addressing the performance issues of CMOS technology, 
Cypress has not ignored the quality and reliability aspects of tech- 
nology development. Rather, the traditional failure mechanisms 
of electrostatic discharge (ESD) and latch-up have been ad- 
dressed and solved through process and design technology inno- 
vation. 

ESD-induced failure has been a generic problem for many high- 
performance MOS and bipolar products. Although in its earliest 
years, MOS technology experienced oxide reliability failures, this 
problem has largely been eliminated through improved oxide 
growth techniques and a better understanding of the ESD prob- 
lem. The effort to adequately protect against ESD failures is per- 
turbed by circuit delays associated with ESD protection circuits. 
Focusing on these constraints, Cypress has developed ESD pro- 
tection circuitry specific to 1.2- and 0.8-micron CMOS process 
technology. Cypress products are designed to withstand voltage 
and energy levels in excess of 2001 volts and 0.4 milli-joules. 


Latch-up, a traditional problem with CMOS technologies, has 
been eliminated through the use of substrate bias generation 
techniques, the elimination of the “P” MOS pull-ups in the output 
drivers, the use of guardring structures and care in the physical 
layout of the products. 

Cypress has also developed additional process innovations and 
enhancements: the use of multilayer metal interconnections, ad- 
vanced metal deposition techniques, silicides, exclusive use of 
plasma for etching and ashing process steps, and 100 percent step- 
per technology with the world’s most advanced equipment. 

A wholly owned subsidiary of Cypress, Aspen Semiconductor, has 
developed both advanced bipolar and BiCMOS technologies aug- 
menting the capabilities of the Cypress CMOS processes. Both 
the new Bipolar and BiCMOS technologies are based on the Cy- 
press 0.8-micron CMOS process for enhanced manufacturability. 
Like CMOS, these processes are scalable to take advantage of fin- 
er line lithography. Where speed is critical, Cypress BiCMOS al- 
lows increased transistor performance. It also allows reduced 
power in the non-speed critical sections of the design to optimize 
the speed/power balance. The Bipolar and BiCMOS processes 
make possible memories and logic operating up to 400 MHz. The 
drive to maintain process technology leadership has not stopped 
with the 0.8-micron devices. Cypress is developing fine-line geom- 
etries beyond this to insure technology leadership in the next de- 
cade. 

Cypress technologies have been carefully designed, creating prod- 
ucts that are “only the best” in high-speed, excellent reliability, 
and low power. 
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tatic RAMs 


Size 

Organization 

Pins 

Part Number 

Speed (ns) 

Icc/Isb/Iccdr 

(mA(gns) 

Packages 

Availability 

>4 

16x4— Inverting 

16 

CY7C189 

tAA= 15,25 

55 @25 

D,L.P 

Now 

>4 

16 x 4 — Non-Inverting 

16 

CY7C190 

tAA= 15,25 

55 @25 

D,L,P 

Now 

>4 

16x4— Inverting 

16 

CY74S189 

<AA = 35 

90 @35 

D,P 

Now 

>4 

16x4— Inverting 

16 

CY27S03A 

Iaa = 25,35 

90 @25 

D,L,P 

Now 

>4 

16 x 4 — Non-Inverting 

16 

CY27S07A 

tAA = 25, 35 

90 @25 

D,L,P 

Now 

>4 

16 x 4 — Inverting Low Power 

16 

CY27LS03M 

l AA = 65 

38 @65 

D,L 

Now 

IK 

256x4 

22 

CY7C122 

W = 15,25,35 

60 @25 

D,L,P,S 

Now 

LK 

256x4 

24S 

CY7C123 

tAA = 7,9,12 

120 @7 

D,L,P, V 

Now 

IK 

256x4 

22 

CY9122/91L22 

tAA = 25,35,45 

120 @25 

D,P 

Now 

LK 

256x4 

22 

CY93422A/93L422 

Iaa = 35,45,60 

80 @45 

D,L,P 

Now 

LK 

4Kx 1 — CS Power Down 

18 

CY7C147 

tAA = 25,35,45 

80/10 @35 

D,L,P,S 

Now 

LK 

4Kx 1 — CS Power Down 

18 

CY2147/21L47 

tAA = 35,45,55 

125/25 @35 

D,P 

Now 

LK 

1Kx 4— CS Power Down 

18 

CY7C148 

tAA = 25,35,45 

80/10 @35 

D, L, P, S 

Now 

LK 

lKx 4 — CS Power Down 

18 

CY2148/21L48 

Iaa = 35,45,55 

120/20 @35 

D,P,S 

Now 

LK 

1Kx4 

18 

CY7C149 

tAA = 25,35,45 

80 @35 

D, L, P, S 

Now 

LK 

1Kx4 

18 

CY2149/21L49 

tAA = 35,45,55 

120@ 35 

D,P 

Now 

LK 

1Kx 4— Separatel/O, Reset 

24S 

CY7C150 

Iaa = 10,12,15,25,35 

90 @12 

D, L, P, S 

Now 

LK 

lKx 8 — Dual Port 

48 

CY7C130 

Iaa = 25,35,45,55 

170 @25 

D,L,P 

Now 

LK 

lKx 8 — Dual Port Slave 

48 

CY7C140 

Iaa = 25,35,45,55 

170 @25 

D,L,P 

Now 

LK 

lKx 8— Dual Port 

52 

CY7C131 

tAA = 25,35,45,55 

170 @25 

L,J 

Now 

LK 

lKx 8 — Dual Port Slave 

52 

CY7C141 

tAA = 25,35,45,55 

170 @25 

L,J 

Now 

L6K 

2K x 8 — CS Power Down 

24S 

CY7C128 

tAA = 35,45,55 

90/20 @55 

D,L,P, V 

Now 

L6K 

2Kx 8 — CS Power Down 

24 

CY7C128A 

tAA = 20,25,35,45,55 

90/20 @55 

D,L,P, V 

Now 

L6K 

2Kx8— CS Power Down 

24 

CY6116 

tAA = 35,45,55 

120/20 @55 

D,L 

Now 

L6K 

2Kx 8 — CS Power Down 

24 

CY6116A 

Iaa = 20,25,35,45,55 

80/20 @55 

D,L 

Now 

L6K 

2Kx8— CS Power Down 

32S 

CY6117 

Iaa = 35,45,55 

130/20 @55 

L 

Now 

L6K 

16K x 1 — CS Power Down 

20 

CY7C167 

tAA = 25,35,45 

50/15 @25 

D,L,P, V 

Now 

L6K 

16Kx 1 — CS Power Down 

20 

CY7C167A 

Iaa = 15,20,25,35,40 

50/1 5 @45 

D,L,P, V 

Now 

L6K 

4Kx4 — CS Power Down 

20 

CY7C168 

Iaa = 25, 35,45 

90/15 @25 

D,L,P, V 

Now 

L6K 

4Kx 4 — CS Power Down 

20 

CY7C168A 

tAA = 15,20,25,35,45 

70/15 @45 

D,L,P, V 

Now 

L6K 

4Kx4 

20 

CY7C169 

tAA = 25,35,40 

90 @25 

D,L,P,V 

Now 

L6K 

4Kx4 

20 

CY7C169A 

tAA = 15,20,25,35,40 

70 @45 

D,L,P,V 

Now 

L6K 

4Kx 4 — Output Enable 

22S 

CY7C170 

tAA ~ 25,35,45 

90 @45 

D,L,P,V 

Now 

L6K 

4Kx 4 — Output Enable 

22S 

CY7C170A 

Iaa = 15,20,25,35,45 

90 @45 

D,L,P,V 

Now 

L6K 

4Kx4— Separate I/O 

24S 

CY7C171 

tAA = 20,25,35,45 

90/15 @25 

D,L,P, V 

Now 

L6K 

4Kx4— Separate I/O 

24S 

CY7C171A 

tAA = 15,20,25,35,45 

90 @45 

D, L, P, V 

Now 

L6K 

4Kx4— Separate I/O 

24S 

CY7C172 

tAA = 25,35,45 

90/15 @25 

D, L, P, S 

Now 

L6K 

4Kx 4 — Separate I/O 

24S 

CY7C172A 

tAA = 15,20,25,35,45 

90 @45 

D.L.P.V 

Now 

16K 

2Kx 8 — Dual Port 

48 

CY7C132 

tAA = 25,35,45,55 

170 @25 

D,L,P 

Now 

L6K 

2Kx 8 — Dual Port Slave 

48 

CY7C142 

tAA = 25,35,45,55 

170 @25 

D,L,P 

Now 

L6K 

2Kx 8— Dual Port 

52 

CY7C136 

tAA = 25,35,45,55 

170 @25 

L,J 

Now 

16K 

2Kx 8 — Dual Port (Slave) 

52 

CY7C146 

tAA = 25,35,45,55 

170 @25 

L,J 

Now 

54K 

8Kx 8 — CS Power Down 

28S 

CY7B185 

tAA = 12,15 

135/40 @15 

D,L,P, V 

Now 

>4K 

8Kx 8 — CS Power Down 

28 

CY7B186 

tAA = 12, 15 

135/40 @15 

D,L, P,V 

Now 

)4K 

8Kx 8 — CS Power Down 

28S 

CY7C185A 

tAA = 20,25,35,45 

120/20 @15 

D,L,P,V 

Now 

54K 

8Kx 8 — CS Power Down 

28 

CY7C186A 

tAA = 20,25,35,45 

120/20 @15 

D,P 

Now 

54K 

16Kx4 — CS Power Down 

22S 

CY7B164 

Iaa = 10,12 

120/40 @12 

D,P, V 

Now 

34K 

16Kx 4 — CS Power Down 

22S 

CY7C164A 

tAA = 15,20,25,35,45 

115/40 @15 

D, L, P, V 

Now 

)4K 

16Kx4 —Linear Decode with SCSs 

28S 

CY7B160 

Laa = 12, 15 

115/40 @15 

D,P, V 

Now 

54K 

16Kx 4 — Output Enable 

24S 

CY7B166 

tAA = 10,12 

120/40 @12 

D,P, V 

Now 

>4K 

16Kx 4 —Output Enable 

24S 

CY7C166A 

tAA = 15,20,25,35,45 

115/40@15 

D, L, P, V 

Now 

>4K 

16Kx 4 — Separate I/O, Transparent 

Write 

28S 

CY7B161 

Iaa = 10,12 

120/40 @12 

D,P, V 

Now 

54K 

16Kx4— Separate I/O 

28S 

CY7B162 

tAA = 10, 12 

120/40@12 

D,P, V 

Now 

54K 

16Kx4 — Separate I/O, Transparent 

28S 

CY7C161A 

Iaa = 15,20,25,35,45 

115/40 @15 

D,L,P,V 

Now 

>4K 

16Kx4 — Separate I/O 

28S 

CY7C162A 

tAA = 15,20,25,35,45 

115/40 @15 

D, L, P, V 

Now 

>4K 

64K x 1 — CS Power Down 

22S 

CY7C187A 

Iaa = 15,20,25,35,45 

90/40 @15 

D, L, P, V 

Now 

72K 

8Kx9 

28S 

CY7C182 

Iaa = 25,35,45,55 

170 @25 

D,P, V 


L28K 

8Kx 16 —Addresses Latched except A12 

52 

CY7C183 

tAA = 25, 35,45 

220 @25 

J 

Now 

128K 

8Kx 16 —Addresses Latched 

52 

CY7C184 

tAA = 25,35,45 

220 @25 

J 

Now 

J56K 

16K x 16 - SPARC Cache RAM 

52 

CY7C157 

«AA = 20.24,33 

250 

J,L 

Now 


1-3 
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Static RAMs (continued) 


Size 

Organization 

Pins 

Part Number 

Speed (ns) 

Icc/Isb/Iccdr 

(mA@ns) 

Packages 

Availability 


32Kx8— CS Power Down 

28 

CY7C198 

tAA= 25,35,45,55 

170/35 @25 

D.L.P 

Now 

Ex 3 

32Kx 8 — CS Power Down 

28S 

CY7C199 

^= 25,35,45,55 

150/35 @25 

D,L,P, V 

Now 

256K 

64Kx 4 — CS Power Down 

24S 

CY7C194 

tAA = 25,35,45 

120/35 @25 

D,L,P, V 

Now 

256K 

64Kx 4 — CS Power Down with OE 

28S 

CY7C196 

tAA s 25,35,45 

120/35 @25 

D,L,P,V 

Now 

256K 

64Kx4 —Separate I/O, Transparent 

28S 

CY7C191 

Ua= 25,35,45 

120/35 @25 

D,L,P, V 

Now 

256K 

64Kx4— Separate I/O 

28S 

CY7C192 

t^ = 25,35,45 

120/35 @25 

D,L,P,V 

Now 

256K 

256K x 1 — CS Power Down 

24S 

CY7C197 

tAA = 25,35,45 

100/35 @25 

D,L,P,V 

Now 


ECL SRAMs 


Size 

Organization 

Pins 

Part Number 

Speed (ns) 

Icc/Isb/Iccdr 

(mA@ns) 

Packages 

Availability 

IK 

256x4 — 10K/10KH 

24.4 

CY10E422 

'aa = 3,5 

220 

D,L,K,Y 

Now 

IK 

256x4 — 10K/10KH 

24.4 

CY10E422L 

Ua = 5,7 

150 

D,L,J,K 

Now 

IK 

256x4 — 100K 

24.4 

CY100E422 

tAA = 3,5 

220 

D,L,K,Y 

Now 

IK 

256x4— 100K 

24.4 

CY100E422L 

*AA = 5,7 

150 

D,L,J,K 

Now 

4K 

1024 x4- 10K/10KH 

24.4 

CY10E474 

tAA =3,5 

275 

D,L,K,Y 

Now 

4K 

1024 x4— 10K/10KH 

24.4 

CY10E474L 

*AA = 5,7 

190 

D,L, J,K 

Now 

4K 

1024x4— 100K 

24.4 

CY100E474 

l AA = 3,5 

275 

D,L,K,Y 

Now 

4K 

1024x4— 100K 

24.4 

CY100E474L 

{ AA = 5,7 

190 

D,L, J,K 

Now 

64K 

16Kx4— 10K/10KH 

28.4 

CY10B494 

tAA = 7, 10, 12 

190 

D,P,L,K, V 

Now 

64K 

16Kx4 — 10K/10KH 

28.4 

CY10E494L 

II 

© 

N> 

135 

D, P, L, K, V 

Now 

64K 

16Kx4— 100K 

28.4 

CY100E494 

tAA = 7, 10, 12 

190 

D, P, L, K, V 

Now 

64K 

16Kx4— 100K 

28.4 

CY100E494L 

tAA =10, 12 

135 

D,P,L,K, V 

Now 


Modules 


Size 

Organization 

Pins 

Part Number 

Speed (ns) 

Icc/Isb/Iccdr 

(mA@ns) 

Packages 

Availability 

IB 

64Kx 4 — SRAM (JEDEC) 

24 

CYM1220 

tAA= 10,12,15 

325 @10 

HD 

K 

ESS 

32Kx 8 — SRAM (JEDEC) 

28 

CYM1400 

1aa= 10,12,15 

375 @10 

HD 


256K 

16Kx 16 -SRAM (JEDEC) 


CYM1610 

tAA =12,15 

550@12 

HD 

■ •? d 3- 




tAA = 20,25,35,45,50 

330 @20 

HD 

Now 

256K 

16Kxl6— SRAM 

36 

CYM1611 

1aa= 12,15,20 

550@12 

HV 

1Q90 





Iaa = 25,30,35,45 

330 @25 

HV 

Now 

512K 

16Kx32— SRAM (JEDEC) 

64 

CYM1821 

tAA = 12,15 

960@ 12 

PZ 

1Q90 




Iaa = 20,25,35,45 

720 @25 

PZ 

Now 

512K 

16Kx32— SRAM 

88 

CYM1822 

Iaa= 12,15 

tAA = 20,25,30,45,55 

960@ 12 

720 @25 

HV 

HV 


768K 

32Kx24— SRAM 

56 

CYM1720 

tAA = 25,30,35 

330 @25 

PZ 


1M 

256Kx4 — SRAM (JEDEC) 

28 

CYM1240 

ty\A = 25, 35,45 

480 @25 

HD 


1M 

1 28K x 8 — SRAM (JEDEC) 

32 

CYM1420 

tAA = 30,35,45,55 

210 @30 

HD 


1M 

1 28K x 8 — SRAM (JEDEC) 

32 

CYM1421 

tAA = 70, 85 

120@70 

HD 


1M 

128Kx8— SRAM 

30 

CYM1422 

Iaa = 30,35,45,55 

200 @30 

PS 

Now 

1M 

128K x 8 — SRAM (JEDEC) 

32 

CYM1423 

tAA = 45, 55, 70 

210@45 

PD 

Now 

1M 

64Kx 16 -SRAM (JEDEC) 

40 

CYM1620 

tAA = 30,35,45,55 

340 @30 

HD 

Now 

1M 

64Kxl6— SRAM 

40 

CYM1621 

Iaa = 20,25,30,35,45 

1250 @20 

HD 

Now 

1M 

64Kxl6— SRAM 

40 

CYM1622 

Iaa = 25,35,45 

400 @25 

HV 

Now 

1M 

64Kx 16 -SRAM (JEDEC) 

40 

CYM1623 

tAA = 70,85,100 

240 @70 

HD 

Now 

1M 

64Kx 16-SRAM (JEDEC) 

40 

CYM1624 

tAA = 25,35,45 

500 @25 

PV 

Now 

1M 

16Kx68— SRAM 

104 

CYM1910 

tAA ” 25, 35, 45 

1900 @25 

PV 

Now 

1M 

16Kx68— SRAM 

104 

CYM1911 

tAA = 25,35,45 

1900 @25 

PV 

Now 

2M 

256Kx 8 — SRAM (JEDEC) 

60 

CYM1441 

Iaa = 25, 35, 45 

960 @25 

PZ 

Now 

2M 

64Kx32— SRAM 

60 

CYM1830 

tAA = 20,30,35,45,55 

880 @25 

HD 

Now 

2M 

64Kx 32 -SRAM (JEDEC) 

64 

CYM1831 

Iaa = 25,30,35,45 

720 @25 

PZ,PM 

Now 

2.25M 

256Kx9— SRAM 

44 

CYM1540 

tAA = 30,35,45 

1125 @30 

PS,PF 

Now 

4M 

512Kx8— SRAM 

36 

CYM1460 

Iaa = 35,45,55,70 

625 @35 

PF,PS 

Now 

4M 

512Kx8— SRAM 

36 

CYM1461 

tAA = 70, 85, 100 

150@70 

PF.PS 

Now 

4M 

5 12K x 8 - SRAM (JEDEC) 

32 

CYM1464 

tAA = 45,55,70 

300 @45 

PD 

Now 


1-4 
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[odules (continued) 


Size 

Organization 

Pins 

Part Number 

Speed (ns) 

Icc/Isb/Jccdr 

(mA@m) 

Packages 

Availability 

M 

256Kxl6— SRAM 

48 

CYM1641 

tAA= 25,35,45,55 

1800 @25 

HD 

Now 

;m 

64Kx32— SRAM 

60 

CYM1832 

^= 25,35,45,55 

980 @25 

PZ 

Now 


256Kx 32— SRAM (JEDEC) 

64 

CYM1841 

tAA = 35,45,55 

960 @35 

PZ,PM 



ROMs 


Size 

Organization 

Pins 

Part Number 

Speed (ns) 

Icc/Isb/Iccdr 

(mA@ns) 

Packages 

Availability 

K 

5 1 2 x 8 — Registered 

24S 

CY7C255 

tsA/co = 25/12,30/15 

90 

D,L,P 

Now 

IK 

1 024 x 8 — Registered 

24S 

CY7C235 

Isa/co = 25/12, 30/15 

90 

D,L,P 

Now 

;k 

1Kx8 

24S 

CY7C281 

t^ = 30,45 

90 

D,L,P 

Now 

;k 

1Kx8 

24 

CY7C282 

tAA = 30,45 

90 

D,L,P 

Now 

6K 

2Kx 8— Registered 

24S 

CY7C245/L 

tsA/co = 25/12, 35/15 

100,60 

D,L,P,Q,W,S 

Now 

6K 

2Kx 8— Registered 

24S 

CY7C245A/L 

tsAco- 15/10,18/12 

60 @35 

D,L,P,Q,W,S 

Now 

6K 

2Kx8 

24S 

CY7C291/L 

Iaa = 35,40 

90,60 

D,L,P,Q,W,S 

Now 

6K 

2Kx8 

24S 

CY7C291A/L 

tAA = 25,30,35,50 

60 @35 

D,L,P,Q,W,S 

Now 

6K 

2Kx8 

24 

CY7C292/L 

ty\A = 35, 50 

90,60 

D,P 

Now 

6K 

2Kx8 

24 

CY7C292A 

tAA = 25,30,35,50 

60 @35 

D,P 

Now 

6K 

2Kx8— CS Power Down 

24S 

CY7C293A/L 

tAA = 25,30,35,50 

60/15 @35 

D,L,P,Q,W,S 

Now 

.4K 

8Kx8— CS Power Down 

24S 

CY7C261 

tAA = 35,4045,55 

100/30 

D,L,P,Q,W,S 

Now 

i4K 

8Kx8 

24S 

CY7C263 

»aa = 35,40,45,55 

100 

D,L,P,Q,W,S 

Now 

4K 

8Kx8 

24 

CY7C264 

tAA = 35,40,45,55 

100 

D,P 

Now 

4K 

8Kx8— Registered 

28S 

CY7C265 

tsA/co = 40/20 

80 

D,L,P,Q,W,S 

Now 

4K 

8Kx8-EPROM Pinout 

28 

CY7C266 

Iaa = 55 

80/15 

D,L,P,Q,W 

Now 

'4K 

8Kx 8 — Registered, Diagnostic 

28S 

CY7C269 

Isa/co = 40/20,50/25 

100 

D,L,P,Q,W,S 

Now 

4K 

8Kx 8 — Registered, Diagnostic 

32 

CY7C268 

tsA/co = 40/20, 50/25 

100 

D,L,Q, W 

Now 

28K 

1 6K x 8 — CS Power Down 

28S 

CY7C251 

tAA = 45,55,65 

100/30 

D,L,P,Q,W 

Now 

28K 

16Kx8 

28 

CY7C254 

tAA = 45,55,65 

100 

D,P 

Now 

:56K 

32Kx8— CS Power Down 

28S 

CY7C271 

tAA = 45,55,65 


D,L,P,Q,W 

Now 

:56K 

32Kx8-EPROM Pinout 

28 

CY7C274 

•aa = 45 


D,L,P,Q,W 

Now 

:56K 

32K x 8 — Registered 

28S 

CY7C277 

tsA/co = 40/20 

120/30 

D,L,P,Q,W 

Now 

:56K 

32Kx8— Latched 

28 

CY7C279 

•aa = 45 

120 

D,L,P,0,W 

Now 

12K 

64Kx8 

28 

CY7C286 

tAA = 60 

120/40 

Q,W 

1Q90 

12K 

64K x 8 — Registered 

28S 

CY7C287 

tco = 20 

180 

Q.W 

1Q90 

12K 

64Kx8withALE 

28S 

CY7C285 

<AA = 30 

180 

Q,W 

1Q90 

12K 

64Kx8withALE 

32S 

CY7C289 

<AA = 30 

180 

Q.W 

1Q90 


LDs 


Size 

Organization 

Pins 

Part Number 

Speed (ns) 

Icc/Isb/Iccdr 

(mA@nfl) 

Packages 

Availability 

\L20 

16L8 

20 

PALC16L8/L 

o 

CS 

11 

Q 

70,45 

D,L,P,Q,V,W 

Now 

\L20 

16R8 

20 

PALC16R8/L 

ts/co = 15/12 

70,45 

D,L,P,Q,V, W 

Now 

\L20 

16R6 

20 

PALC16R6/L 

t pd/s/co = 20/20/15 

70,45 

D,L,P,Q,V, W 

Now 

\L20 

16R4 

20 

PALC16R4/L 

t pd/s/co = 20/20/15 

70,45 

D,L,P,Q,V, W 

Now 

LD20 

18G8— Generic 

20 

PLDC18G8 

tpo/s/co = 12/12/10 

90 

D,L,P,Q,V, W 

4Q89 

LD24 

22V10- Macrocell 

24S 

PALC22V10/L 

tpn/s/rn = 25/15/15,20/12/12 

90,55 

D,L,P,Q,W,J,H 

Now 

LD24 

22V10 — Macrocell 

24S 

PALC22V10B 

tpD/s/co = 15/10/10 

90,55 

D,L,P,Q,W, J,H 

Now 

LD24 

22V10- Macrocell 

24S 

PAL22V10C 

tpo/s/co = 10/3.6/7.5,12/4.5/9.5 

190 

D,L,P, J 

4Q89 

LD24 

22 VP 1 0 — Macrocell 

24S 

PAL22VP10C 

tpD/s/co = 10/3.6/7.5,12/4.5/9.5 

190 

D, L, P, J 


LD24 

20G10— Generic 

24S 

PLDC20G10 

tpD/s/co = 25/15/15 

55 

D,L,P,Q,W,J,H 

Now 

LD24 

20G 10— Generic 

24S 

PLDC20G10B 

tpD/s/co = 15/12/10 

70 

D,L,P,Q,W,J,H 

Now 

LDB24 

20G 10— Generic 

24S 

PLDC20G10C 

tpD/s/co = 10/3.6/7.5,12/4.5/9.5 

190 

D,L,P, J 

2Q90 

LD24 

20RA10— Asynchronous 

24S 

PLD20RA10 

tpD/s/co = 20/10/20 

80 

D,L,P,Q,W, J,H 

Now 

LD28 

7C330— State Machine 

28S 

CY7C330 

Imav, tfs, trn — 66 MHz/3 ns/12 ns 

130 

D,L,P, Q.W, J,H 

Now 

LD28 

7C331 — Asynchronous 

28S 

CY7C331 

tpD/s/co = 20/12/20 

120 

D,L,P,Q,W,J,H 

Now 

LD28 

7C332— Combinatorial 

28S 

CY7C332 

tpD = 20 

120 

D,L,P,Q,W,J,H 

Now 

LD28 

7C36 1 — 32 Macrocell 

28S 

CY7C361 

f MA x= 125 MHz 

140 

Q,W,H 

2Q90 

[AX28 

7C344- 32 Macrocell 

28S 

CY7C344 

tpn/s/rn = 20/10/15 

120 

D,L,P,Q,W,J,H 

Now 
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PLDs (continued) 


Size 

Organization 

Pins 

Part Number 

Speed (ns) 

ICC^SB^CCDR 

(mA@ns) 

Packages 

Availability 

MAX40 

7C345 — 128 Macrocell 

40/44 

CY7C345 

t pd/s/co = 30/22/15 

RQHHH 

D,L,P,Q,J,H 

3Q89 

MAX68 

7C342— 128 Macrocell 

68 

CY7C342 

* pd/s/co = 30/22/15 


L,J,G,H,R 

Now 


ECL PLDs 


Organization 

Pins 

Part Number 

Speed (ns) 

Icc/ISB^CCDR 

(mA@ns) 

Packages 

Availability 

16P8-10KH 

24 

CY10E301 

tpD = 3-5, 4 

240 

D,K,Y 

Now 

16P8-10KH 

24 

CY10E301L 

tpD = 6 

70 

P,J 

Now 

16P8-100K 

24 

CY100E301 

tpD = 3.5,4 

240 

D,K,Y 

Now 

16P8-100K 

24 

CY100E301L 

tp D = 6 

70 

P,J 

Now 

16P4-10KH 

24 

CY10E302 

tpo =3,4 

220 

D,K,Y 

Now 

16P4-10KH 

24 

CY10E302L 

tp D = 4 

70 

P,J 

Now 

16P4-100K 

24 

CY100E302 

tpD = 3,4 

220 

D,K, Y 

Now 

16P4-100K 

24 

CY100E302L 

tpD = 4 

70 

P,J 

Now 


FIFOs 


Organization 

Pins 

Part Number 

Speed (ns) 

Icc/IsB/icCDR 

(mA@ns) 

Packages 

Availability 

64 x 4 — Cascadeable 

16 

CY3341 

1.2, 2 MHz 

45 

D,P 

Now 

64 x 4 — Cascadeable 

16 

CY7C401 

5, 10, 15, 25 MHz 

75 

D,L,P, V 

Now 

64 x 4 — Cascadeable/OE 

16 

CY7C403 

10, 15,25 MHz 

75 

D,L,P, V 

Now 

64 x 5 — Cascadeable 

18 

CY7C402 

5, 10, 15, 25 MHz 

75 

D,L,P,V 

Now 

64x5— Cascadeable/OE 

18 

CY7C404 

10, 15, 25 MHz 

75 

D,L,P,V 

Now 

64 x 8 — Cascadeable/OE 

28S 

CY7C408A 

15,25, 35 MHz 

120 

D,L,P,V 

Now 

64x9— Cascadeable 

28S 

CY7C409A 

15, 25, 35 MHz 

120 

D,L,P,V 

Now 

5 1 2 x 9 — Cascadeable 

28 

CY7C420 

25,30,40,65 ns 

100 

D,P 

Now 

5 1 2 x 9 — Cascadeable 

28S 

CY7C421 

25,30,40,65 ns 

100 

D, J,L,P,V 

Now 

lKx 9 — Cascadeable 

28 

CY7C424 

25,30,40,65 ns 

100 

D,P 

Now 

IK x 9 — Cascadeable 

28S 

CY7C425 

25,30,40,65 ns 

100 

D, J,L,P 

Now 

2K x 9 — Cascadeable 

28 

CY7C428 

25,30,40,65 ns 

100 

D,P 

Now 

2K x 9 — Cascadeable 

28S 

CY7C429 

25,30,40,65 ns 

100 

D,J,L,P,V 

Now 

2Kx 9 — Bidirectional 

28S 

CY7C439 

30,40,65 ns 

120 

D, J,L,P,V 

2Q90 

4K x 9 — Cascadeable 

28 

CY7C432 

25,30,40,65 ns 

140 

D,P 

Now 

4K x 9 — Cascadeable 

28S 

CY7C433 

25,30,40,65 ns 

140 

D,J,L,P,V 

Now 


Logic 


Organization 

Pins 

Part Number 

Speed (ns) 

Icc/Isb/IcCDR 

(mA@ns) 

Packages 

Availability 

2901 -4-Bit Slice 


CY7C901 

t CLK = 23, 31 

70 

D,L,P, J 

Now 

2901 -4-Bit Slice 


CY2901 

C 

140 

D,P 

Now 

4 x 2901 — 16-Bit Slice 


CY7C9101 

t C LK= 30,40 

60 

D,L,P, J 

Now 

29116— 16-Bit Controller 


CY7C9116 

tcLK= 35,45,53,79,100 

145 

D, L, G, J 

Now 

291 16 — 16-Bit Controller 


CY7C9115 

tcLK= 35,45,53,79,100 

145 

J 

Now 

291 17 — 16-Bit Controller 

68 

CY7C9117 

»clk= 35,45,53,79,100 

145 

L,G, J 

Now 

2909— Sequencer 

28 

CY7C909 

t C LK= 30,40 

55 

D,L,P, J 

Now 

2911— Sequencer 

20 

CY7C911 

tcLK = 30, 40 

55 

D, L, P, J 

Now 

2909— Sequencer 

28 

CY2909 

A 

70 

D,P 

Now 

2911— Sequencer 

20 

CY2911 

A 

70 

D,P 

Now 

2910— Con troller(17-word Stack) 

40 

CY7C910 

t C LK = 40, 50,93 

100 

D,L,P, J 

Now 

2910— Controller (9-word Stack) 

40 

CY2910 

A 

170 

D,L,P, J 

Now 

16 x 16 Multiplier 

64 

CY7C516 

t M c = 38,45,55,75 

100 @10 MHz 

D,L,P,G, J 

Now 

16x16 Multiplier 

64 

CY7C517 

^mc ”38,45,55,75 

100@ 10MHz 

D,L,P,G, J 

Now 

16 x 16 Multiplier/Accumulator 

64 

CY7C510 

^mc = 45, 55, 65,75 

100@ 10MHz 

D,L,P,G, J 

Now 


1-6 
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[SC 


Desc. 

Organization 

Pins 

Part Number 

Speed (ns) 

Icc/Isb/Iccdr 

(mA@ns) 

Packages 

Availability 

(J 

SPARC 32-bit Integer Unit 

207 

CY7C601 

t CYC = 40, 33, 25 MHz 

600 

G,B 

Now 

PU 

Floating-Point Unit 
(Controller and Processor) 

143 

CY7C602 

tcvc= 33, 25 MHz 

400 

G,K 

Now 

:mu 

Cache-Controlled Memory 

Management Unit 

243 

CY7C604 

tcvc= 33, 25 MHz 

600 

G,K 

Now 

:mu- 

ip 

Cache Controller and Multiprocessing 
Memory Management Unit 

243 

CY7C605 

tcvc= 33, 25 MHz 

600 

G,K 

2Q90 

□ 

SPARC 32-bit Integer Unit for 
Embedded Control 

160 

CY7C611 

tcvc = 25 MHz 

600 

G160 

Now 

:ram 

SPARC Cache RAM 

52 

CY7C157 

tcvc= 33, 24, 20 MHz 

250 

J,L 

Now 


esign and Programming Tools 


Part Name 

Type 

Part Number 

luickPro 

Programmer 

CY3000 

hiickProII 

Programmer 

CY3300 

LDlbolKit 

Design Tool 

CY3101 

LAX+PLUS 

Design Tool 

CY3201 

)P2— MAX PLD Programmer 

Programmer 

CY3202 


tes: 

e above specifications are for the commercial temperature range of 0°C to 70°C. Military temperature range (-55°C to + 125°C) product 
rcessed to MIDSTD-883 Revision C is also available. Speed and power selections may vary from those above. 

mmercial grade product is available in plastic, CERDIP, or LCC. Military grade product is available in CERDIP, LCC, or PGA. F, K, and T 
ikages are special order only. 

power supplies are Vcc = 5V ± 10%. 

5, 24S, 28S stands for 300 mil. 22-pin, 24-pin, 28-pin, respectively. 28.4 stands for 28-pin 400 mil, 24.4 stands for 24-pin 400 mil. 

CC, SOJ, and SOIC packages are available on some products. 

K, and T packages are special order only. 

VX and MAX + PLUS are trademarks of Altera Corporation. 


kage Code: 

= PLASTIC PIN GRID ARRAY 
= CERDIP 
= FLATPAK 

= PIN GRID ARRAY (PGA) 

= WINDOWED HERMETIC LCC 
= PLCC 
= CERPAK 

= LEADED CHIP CARRIER (LCC) 
= PLASTIC 
= WINDOWED LCC 
= WINDOWED PGA 


S = SOIC 

T = WINDOWED CERPAK 

V = SOJ 

W = WINDOWED CERDIP 
X = DICE 

HD = HERMETIC DIP 
HV = HERMETIC VERTICAL DIP 
PF = PLASTIC FLAT SIP 
PF = PLASTIC SIP 
PZ = PLASTIC ZIP 

Y = CERAMIC LCC 
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BfcK^OTRESS 

SEMICONDUCTOR 

In general, the codes for all products (except modules) follow the format below. 


Ordering Information 


PAL&PLD 

PREFIX 

DEVICE 

SUFFIX 

FAMILY 

'PALC 1 

1 16R8 1 

1 -25 P C' 

1 PAL 20 1 

PALC 

16R8 

1^35 P C 

LOW POWER PAL 20 

PALC 

22V10 

-25 WC 

PAL 24 VARIABLE PRODUCT TERMS 

PLDC 

20G10 

-25 WC 

GENERIC PLD 24 

CY 

7C330 

-33 P C 

PLD SYNCHRONOUS STATE MACHINE 

CY 

10E302 

-2.5 D C 

10K ECL PLD 

CY 

100E302 

-2.5 D C 

100K ECL PLD 


RAM, PROM, FIFO, pP, ECL 


PREFIX 

DEVICE 


SUFFIX 

FAMILY 

1 CY 1 

1 7C128 * 

r 

-45 D M B ' 

1 CMOS SRAM 

CY 

7B185 


-15 V C 

BiCMOS SRAM 

CY 

7C245 

L-35P C 

PROM 

CY 

7C404 


-25 D M B 

FIFO 

CY 

7C901 


-23 P C 

UP 

CY 

10E415 


-3 DC 

10K ECL SRAM 

CY 

100E415 


-3 F C 

100K ECL SRAM 


I — PROCESSING 

B = HI REL MIL STD 883C FOR MILITARY PRODUCT 
= LEVEL 2 PROCESSING FOR COMMERCIAL PRODUCT 
T = SURFACE-MOUNTED DEVICES (V & S PACKAGE) TO 
BE TAPE AND REELED 

R = LEVEL 2 PROCESSING ON TAPE AND REEL DEVICES 

TEMPERATURE RANGE 

C = COMMERCIAL (0°C TO 70°C) 

I = INDUSTRIAL (-40°C TO + 85°C) 

M = MILITARY (-55°CTO +125°C) 

PACKAGE 

D = CERDIP 
F = FLATPAK 

G - PIN GRID ARRAY (PGA) 

H = WINDOWED LEADED CHIP CARRIER 
J = PLCC 

K = CERPAK (GLASS-SEALED FLAT PACKAGE) 

L = LEADLESS CHIP CARRIER 
P = PLASTIC 

Q = WINDOWED LEADLESS CHIP CARRIER 
R = WINDOWED PGA 
S = SOIC (GULL WING) 

T = WINDOWED CERPAK 

V = SOIC (J LEAD) 

W = WINDOWED CERDIP 
X = DICE (WAFFLE PACK) 

Y = CERAMIC LEADED CHIP CARRIER 

SPEED (ns or MHz) 

L = LOW-POWER OPTION 

A, B, C = REVISION LEVEL 


i.e., CY7C128-35PC, PALC16R8L-25PC 
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Ordering Information 



The codes for module products follow the the format below. 


PREFIX DEVICE SUFFIX 
1 CYM 1 1 1001 1 1 HD -120 MB 1 


L 


PROCESSING 

B = MILITARY STANDARD 883 
= STANDARD 

TEMPERATURE RANGE 
C = 0°C TO 70°C 
I = -40°C TO 85 °C 
M = -55°CTO 125°C 


SPEED 



CONFIGURATION 
D = DUAHN-UNE 
G = PIN GRID ARRAY 
Q = QUAD-IN-LINE 
S = SINGLE-IN-LINE 
V = VERTICAL DIP 
Z = ZIGZAG-IN-LINE 

TYPE 

H = HERMETIC 
P = PLASTIC 


Cypress FSCM #65786 


Notes: 

PLCC, SOJ, and SOIC packages are available on some products. 
MAX and MAX + PLUS are trademarks of Altera Corporation. 
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'CYPRESS 

SEMICONDUCTOR 


Product Line Cross Reference 


CYPRESS 

CYPRESS 

2147-35C 

7C147-35C 

2147-45C 

2147-35C 

2147-45C 

7C147-45C 

2147-45M + 

7C147-45M+ 

2147-55C 

2147-45C 

2147-55M 

2147-45M 

2148-35C 

21L48-35C 

2148-35C 

7C148-35C 

2148-35M 

7C148-35M 

2148-45C 

2148-35C 

2148-45C 

21L48-45C 

2148-45M 

2148-35M 

2148-45M + 

7C148-45M+ 

2148-55C 

2148-45C 

2148-55C 

21L48-55C 

2148-55M 

2148-45M 

2149-35C 

21L49-35C 

2149-35C 

7C149-35C 

2149-35M 

7C149-35M 

2149-45C 

21L49-45C 

2149-45M 

2149-35M 

2149-45M 

7C149-45M 

2149-55C 

2149-45C 

2149-55C 

21L49-55C 

2149-55M 

2149-45M 

21L48-35C 

7C148-35C 

21L48-45C 

21L48-35C 

21L48-45C 

7C148-45C 

21L48-55C 

21L48-45C 

21L49-35C 

7C149-25C 

21L49-45C 

21L49-35C 

21L49-45C 

7C149-45C 

21L49-55C 

21L49-45C 

27S03AC 

7C189-25C 

27S03AM 

7C189-25M 

27S03C 

27S03AC 

27S03C 

74S189C 

27S03M 

27S03AM 

27S03M 

54S189M 

27S07AC 

7C190-25C 

27S07AM 

7C190-25M 

27S07C 

27S07AC 

27S07M 

27S07AM 

27S07M 

7C190-25M 

2901CC 

7C901-31C 

2901CM 

7C901-32M 

2909AC 

7C909-40C 

2909AM 

7C909-40M 

29 10 AC 

7C910-50C 

2910AM 

7C910-51M 

29 10C 

2910AC 

2910M 

2910AM 

2911 AC 

7C911-40C 

2911AM 

7C911-40M 

3341-2C 

7C401-5C + 

3341-2M 

7C401-10M 

3341C 

3341-2C 

3341M 

3341-2M 

54S189M 

27S03M 

6116-35C 

6116-35C 

6116-45C 

6116-35C 

6116-45M 

6116-45M 


CYPRESS 

CYPRESS 

6116-55C 

6116-45C 

6116-55M 

6116-45M 

74S189C 

27S03C 

7C122-25C 

7C122-15C+ 

7C122-35C 

7C122-25C 

7C122-35M 

7C122-25M 

7C123-12C 

7C123-7C 

7C128-35C 

7C128-25C 

7C128-35M 

7C128-35M 

7C128-45C 

7C128-35C 

7C128-45M 

7C128-35M+ 

7C128-55C 

7C128-45C+ 

7C128-55M 

7C128-45M + 

7C130-45C 

7C130-35C 

7C130-45M 

7C130-45M 

7C130-55C 

7C130-45C 

7C130-55M 

7C130-45M 

7C131-45C 

7C131-35C 

7C131-45M 

7C131-45M 

7C131-55C 

7C131-45C 

7C131-5SM 

7C131-45M 

7C132-35C 

7C132-35C 

7C132-45C 

7C132-35C 

7C132-55C 

7C132-45C 

7C132-55M 

7C132-45M 

7C136-35C 

7C136-35C 

7C136-45C 

7C136-35C 

7C136-55C 

7C136-45C 

7C136-55M 

7C136-45M 

7C140-35C 

7C140-25C 

7C140-45C 

7C140-35C 

7C140-55C 

7C140-45C 

7C141-35C 

7C141-25C 

7C141-45C 

7C141-35C 

7C141-55C 

7C141-45C 

7C147-35C 

7C147-25C+ 

7C147-35M + 

7C147-35M + 

7C147-45C 

7C147-35C 

7C148-25C 

7C148-25C 

7C148-35C 

7C148-25C + 

7C148-45C 

7C148-35C 

7C149-35C 

7C149-25C+ 

7C149-45C 

7C149-35C 

7C149-45M 

7C149-35M 

7C150-25C 

7C150-15C 

7C150-35C 

7C150-25C 

7C150-35M 

7C150-25M 

7C167-35C 

7C167-25C 

7C167-45M 

7C167-35M + 

7C168-35C 

7C168-25C 

7C168-45M 

7C168-35M + 

7C169-35C 

7C169-25C 

7C169-40M 

7C169-35M + 

7C170-35C 

7C170-25C 

7C170-45C 

7C170-35C 

7C170-45M 

7C170-35M 

7C171-35C 

7C171-25C 

7C171-35M 

7C171-35M 

7C171-45M 

7C171-35M + 

7C172-35C 

7C172-25C 

7C172-45M 

7C172-35M + 

7C186L-45M 

7C186-45M 


CYPRESS 

CYPRESS 

7C189-25C 

7C189-15C+ 

7C190-25C 

7C190-15C+ 

7C191-45M 

7C191-35M 

7C192-45M 

7C192-35M 

7C194-35C 

7C194-25C 

7C194-45C 

7C194-35C+ 

7C194-45M 

7C194-35M 

7C196-35C 

7C196-25C 

7C196-35M 

7C196-35M 

7C196-45C 

7C196-35C + 

7C197-35C 

7C197-25C 

7C197-45C 

7C197-35C+ 

7C197-45M 

7C197-35M 

7C198-45C 

7C198-35C 

7C198-55C 

7C198-45C + 

7C198-55M 

7C198-45M 

7C199-45C 

7C199-35C 

7C199-55C 

7C199-45C + 

7C199-55M 

7C199-45M 

7C225-30C 

7C225-25C 

7C225-30M 

7C225-25M 

7C225-40C 

7C225-30C 

7C225-40M 

7C225-35M 

7C235-40C 

7C235-30C 

7C245-35C 

7C245-25C 

7C245-45C 

7C245-35C 

7C245-45M 

7C245-35M 

7C245A-25C 

7C245A-18C 

7C245A-35C 

7C245AL-35C 

7C245A-35M 

7C245A-25M 

7C245AL-35C 

7C245A-25C + 

7C245L-35C 

7C245-35C + 

7C245L-45C 

7C245L-35C 

7C251-55C 

7C251-45C 

7C251-65C 

7C251-55C 

7C251-65C 

7C251-55C 

7C251-65M 

7C251-55M 

7C253-65M 

7C253-55M 

7C254-45C 

7C254-45C 

7C254-55C 

7C254-45C 

7C254-65C 

7C254-55C 

7C254-65M 

7C254-55M 

7C261-35C 

7C261-35C 

7C261-45C 

7C261-35C 

7C261-45M 

7C261-45M 

7C261-55C 

7C261-45C 

7C261-55M 

7C261-45M 

7C263-35C 

7C263-35C 

7C263-45C 

7C263-35C 

7C263-45M 

7C263-45M 

7C263-55C 

7C263-45C 

7C263-55M 

7C263-45M 

7C264-35C 

7C264-35C 

7C264-45C 

7C264-35C 

7C264-45M 

7C264-45M 

7C264-55C 

7C264-45C 

7C264-55M 

7C264-45M 

7C268-50C 

7C268-40C + 

7C268-60C 

7C268-50C 

7C268-60M 

7C268-50M + 

7C269-50C 

7C269-40C + 

7C269-60C 

7C269-50C 


Note: Unless otherwise noted, product meets all performance specs and is within 10 mA on Ice and 5 mA on Isb ; 
+ = meets all performance specs but may not meet Ice or Isb ; 

* = meets all performance specs except 2V data retention— may not meet Ice or Isb ; 

- = functionally equivalent, 
t = SOIC only 

$ = 32-pin LCC crosses to the 7C198M 
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jy^CTFRESS 
fj? SEMICONDUCTOR 


Product Line Cross Reference 


CYPRESS 

CYPRESS 

PALC16R4-40M 

PALC16R4-30M 

PALC16R41^35C 

PALC16R4I^25C 

PALC16R6-25C 

PALC16R6L-25C 

PALC16R6-30M 

PALC1 6R6-20M 

PALC16R6-35C 

PALC16R6-25C 

PALC16R6-40M 

PALC16R6-30M 

PALC16R6L-35C 

PALC16R6L-25C 

PALC16R8-25C 

PALC16R8E-25C 

PALC16R8-30M 

PALC16R8-20M 

PALC16R8-35C 

PALC16R8-25C 

PALC16R8-40M 

PALC16R8-30M 

PALC16R8E-35C 

PALC16R81^-25C 

PALC22V10-35C 

PALC22V10-25C 

PALC22V10-40M 

PALC22V10-30M 

PALC22V10L-25C 

PALC22V10-25C 

PALC22V10L-35C 

PALC22V10L-25C 

PLDC20G10-35C 

PLDC20G10-25C 

PLDC20G10-40M 

PLDC20G 1 0- 30M 

AMD 

CYPRESS 

PREFIX:Am 

PREFIX:CY 

PREFIX:SN 

PREFIX:CY 

SUFF1X:B 

SUFFIX:B 

SUFFIX:D 

SUFFIX:D 

SUFFIX:F 

SUFFIX:F 

SUFFIX:L 

SUFFIX:L 

SUFFIX.P 

SUFFIX.P 

2130-100C 

7C130-55C 

2130-120C 

7C130-55C 

2130-70C 

7C130-55C 

2147-35C 

2147-35C 

2147-45C 

2147-45C 

2147-45M 

2147-45M 

2147-55C 

2147-55C 

2147-55M 

2147-55M 

2147-70C 

2147-55C 

2147-70M 

2147-55M 

2148-35C 

2148-35C 

2148-35M 

2148-35M 

2148-45C 

2148-45C 

2148-45M 

2148-45M 

2148-55C 

2148-55C 

2148-55M 

2148-55M 

2148-70C 

2148-55C 

2148-70M 

2148-55M 

2149-35C 

2149-35C 

2149-45C 

2149-45C 

2149-45M 

2149-45M 

2149-55C 

2149-55C 

2149-55M 

2149-55M 

2149-70C 

2149-55C 

2149-70M 

2149-55M 

2167-35C 

7C167-35C 

2167-35M 

7C167-35M 

2167-45C 

7C167-45C 

2167-45M 

7C167-45M 

2167-55C 

7C167-45C 

2167-55M 

7C167-45M 

2167-70C 

7C167-45C 

2167-70M 

7C167-45M 

2168-35C 

7C168-35C 

2168-45C 

7C168-45C 


CYPRESS 

CYPRESS 

7C428-40C 

7C428-30C 

7C428-40M 

7C428-30M 

7C428-65C 

7C428-40C 

7C428-65M 

7C428-40M 

7C429-40C 

7C429-30C 

7C429-40M 

7C429-30M 

7C429-65C 

7C429-40C 

7C429-65M 

7C429-40M 

7C510-55C 

7C510-45C 

7C510-65C 

7C510-55C 

7C510-65M 

7C510-55M 

7C510-75C 

7C510-65C 

7C510-75M 

7C510-65M 

7C516-45C 

7C516-38C 

7C516-55C 

7C516-45C 

7C516-55M 

7CS16-42M 

7C516-75C 

7C516-55C 

7C516-75M 

7C516-55M 

7C517-45C 

7C517-38C 

7C517-55C 

7CS17-45C 

7C517-55M 

7C517-42M 

7C517-75C 

7C517-55C 

7C517-75M 

7C517-55M 

7C901-31C 

7C901-23C+ 

7C901-32M 

7C901-27M 

7C909-40C 

7C909-30C 

7C909-40M 

7C909-30M 

7C910-50C 

7C910-40C 

7C910-51M 

7C910-46M 

7C910-93C 

7C910-50C 

7C910-99M 

7C910-51M 

7C9101-40C 

7C9101-30C 

7C9101-45M 

7C9101-35M 

7C911-40C 

7C911-30C 

7C911-40M 

7C911-30M 

9122-25C 

7C122-15C 

9122-25C 

91L22-25C 

9122-35C 

9122-25C 

9122-35C 

91L22-35C 

9122-45C 

93L422C 

91L22-25C 

7C122-25C 

91L22-35C 

7C122-35C 

91L22-45C 

93L422AC 

93422AC 

7C122-35C 

93422AC 

9122-35C 

93422AM 

7C122-35M 

93422C 

93L422AC 

93422M 

93422AM 

93422M 

93L422AM 

93L422AC 

7C122-35C 

93L422AC 

91L22-45C 

93L422AM 

7C122-35M 

93L422C 

93L422AC 

93L422M 

93L422AM 

PALC16L8-25C 

PALC16L8L-25C 

PALC16L8-30M 

PALC16L8-20M 

PALC16L8-35C 

PALC16L8-25C 

PALC16L8-40M 

PALC16L8-30M 

PALC16L8L-35C 

PALC16L8L-25C 

PALC16R4-25C 

PALC16R4I^25C 

PALC16R4-30M 

PALC16R4-20M 

PALC16R4-35C 

PALC16R4-25C 


CYPRESS 

CYPRESS 

7C269-60M 

7C269-50M + 

7C281-45C 

7C281-30C 

7C282-45C 

7C282-30C+ 

7C282-45M 

7C282-45M 

7C291-35C 

7C291-25C+ 

7C291-35M 

7C291-35M 

7C291-50C 

7C291-35C 

7C291-50M 

7C291-35M 

7C291A-35C 

7C291AL-35C 

7C291A-35M 

7C291A-30M 

7C291A-50C 

7C291AL-50C 

7C291A-50M 

7C291A-35M 

7C291AL-35C 

7C291A-25C+ 

7C291AL-50C 

7C291AL-35C 

7C291L-35C 

7C291-35C+ 

7C291L-50C 

7C291L-35C 

7C292-35C 

7C292-25C+ 

7C292-50C 

7C292-35C 

7C292L-35C 

7C292-35C+ 

7C292L-50C 

7C2921^35C 

7C293A-35C 

7C293AL-35C 

7C293A-35M 

7C293A-30M 

7C293A-50C 

7C293AL-50C 

7C293A-50M 

7C293A-35M 

7C293AI^35C 

7C293A-20C+ 

7C293AL-50C 

7C293AL-35C 

7C401-10C 

7C401-15C 

7C401-10M 

7C401-15M 

7C401-5C 

7C401-10C 

7C402-10C 

7C402-15C 

7C402-10M 

7C402-15M 

7C402-5C 

7C402-10C 

7C403-10C 

7C403-15C 

7C403-10M 

7C403-15M 

7C403-15C 

7C403-25C 

7C403-15M 

7C403-25M 

7C404-10C 

7C404-15C 

7C404-10M 

7C404-15M 

7C404-15C 

7C404-25C 

7C404-15M 

7C404-25M 

7C408-15C 

7C408-25C 

7C408-15M 

7C408-25M 

7C408-25C 

7C408-35C 

7C409-15C 

7C409-25C 

7C409-15M 

7C409-25M 

7C409-25C 

7C409-35C 

7C420-40C 

7C420-30C 

7C420-40M 

7C420-30M 

7C420-65C 

7C420-40C 

7C420-65M 

7C420-40M 

7C421-40C 

7C421-30C 

7C421-40M 

7C421-30M 

7C421-65C 

7C421-40C 

7C421-65M 

7C421-40M 

7C424-40C 

7C424-30C 

7C424-40M 

7C424-30M 

7C424-65C 

7C424-40C 

7C424-65M 

7C424-40M 

7C425-40C 

7C425-30C 

7C425-40M 

7C425-30M 

7C425-65C 

7C425-40C 

7C425-65M 

7C425-40M 
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CYPRESS 

SEMKXJNDUCTOR 


Product Line Cross Reference 


AMD 

CYPRESS 

2168-45M 

7C168-45M 

2168-55C 

7C168-45C 

2168-55M 

7C168-45M 

2168-70C 

7C168-45C 

2168-70M 

7C168-45M 

2169-40C 

7C169-40C 

2169-50C 

7C169-40C 

2169-50M 

7C169-40M 

2169-70C 

7C169-40C 

2169-70M 

7C169-40M 

21L47-45C 

7C147-45C 

21L47-55C 

7C147-45C 

21L47-70C 

7C147-45C 

21L48-45C 

21L48-45C 

21L48-55C 

21L48-55C 

21L48-70C 

21L48-55C 

21L49-45C 

21L49-45C 

21L49-55C 

21L49-55C 

21L49-70C 

21L49-55C 

27C191-25C 

7C292A-25C 

27C191-35C 

7C291A-25C+ 

27C191-35C 

7C291A-35C 

27C191-35C 

7C292A-35C 

27C191-35C 

7C292AI^35C 

27C191-35M 

7C292A-30M 

27C191-45M 

7C291A-45M 

27C256-55C 

7C291A-45M 

27C256-90M 

7C291A-45M 

27C291-25C 

7C291A-25C 

27C291-35C 

7C291AL-35C 

27C291-45M 

7C291A-35M 

27C291A-30M 

7C291A-30M 

27LS03C 

27LS03C 

27LS03M 

27LS03M + 

27LS07C 

27S07C+ 

27LS191C 

7C292-35C 

27LS291C 

7C291-35C 

27LS291M 

7C291-35M 

27PS181AC 

7C282-45C 

27PS181AM 

7C282-45M + 

27PS181C 

7C282-45C 

27PS181M 

7C282-45M + 

27PS191AC 

7C292-50C 

27PS191AM 

7C292-50M + 

27PS191C 

7C292-50C 

27PS191M 

7C292-50M + 

27PS281AC 

7C281-45C 

27PS281AM 

7C281-45M + 

27PS281C 

7C281-45C 

27PS281M 

7C281-45M + 

27PS291AC 

7C291-50C 

27PS291AM 

7C291-50M + 

27PS291C 

7C291-50C 

27PS291M 

7C291-50M + 

27S03AC 

27S03AC 

27S03AM 

27S03AM 

27S03C 

27S03C 

27S03M 

27S03M 

27S07AC 

27S07AC 

27S07AM 

27S07AM 

27S07C 

27S07C 

27S07M 

27S07M, 


AMD 

CYPRESS 

27S181AC 

7C282-30C 

27S181AM 

7C282-45M 

27S181C 

7C282-45C 

27S181M 

7C282-45M 

27S191AC 

7C292-35C 

27S191AM 

7C292-50M 

27S191C 

7C292-50C 

27S191M 

7C292-50M 

27S191SAC 

7C292A-20C 

27S25AC 

7C225-30C 

27S25AM 

7C225-35M 

27S25C 

7C225-40C 

27S25M 

7C225-40M 

27S25SAC 

7C225-25C 

27S25SAM 

7C225-35M 

27S281AC 

7C281-30C 

27S281AM 

7C281-45M 

27S281C 

7C281-45C 

27S281M 

7C281-45M 

27S291AC 

7C291-35C 

27S291AM 

7C291-50M 

27S291C 

7C291-50C 

27S291M 

7C291-50M 

27S291SAC 

7C291A-25C 

27S291SAM 

7C291A-30M 

27S35AC 

7C235-30C 

27S35AM 

7C235-40M 

27S35C 

7C235-40C 

27S35M 

7C235-40M 

27S45AC 

7C245-35C 

27S45AM 

7C245-45M 

27S45C 

7C245-45C 

27S45M 

7C245-45M 

27S45SAC 

7C245-25C 

27S45SAM 

7C245A-25M- 

27S49AC 

7C264-40C 

27S49AC-45 

7C264-45C 

27S49AC-45T 

7C263-45C 

27S49AC-T 

7C263-40C 

27S49ALM 

7C263-45M 

27S49C-T 

7C263-55C 

27S49LM 

7C263-55M 

27S49AM 

7C264-55M 

27S49C 

7C264-55C 

27S49M 

7C264-55M 

27S51C 

7C254-55C 

27S51M 

7C254-65M 

2841AC 

3341C 

2841AM 

3341M 

284 1C 

3341C 

284 1M 

3341M 

2901BC 

2901CC 

2901BM 

2901CM 

2901CC 

2901CC 

2901 CM 

2901 CM 

2909 AC 

2909AC 

2909AM 

2909AM 

2909C 

2909AC 

2909 M 

2909M 

2910-1C 

2910C 

2910-1M 

2910M 

29 10 AC 

2910AC 


AMD 

CYPRESS 

2910AM 

2910AM 

2910C 

2910C 

2910M 

2910M 

29116AC 

7C9116AC 

29116 AM 

7C9116AM 

291 16C 

7C9116AC 

291 16M 

7C9116AM 

29117C 

7C9117AC 

291 17M 

7C9117AM 

2911 AC 

2911 AC 

2911AM 

2911AM 

2911C 

2911 AC 

2911M 

291 1M 

295 10C 

7C510-75C 

295 10M 

7C510-75M 

29516AM 

7C516-55M 

295 16C 

7C516-55C 

295 16M 

7C516-55M 

29517AC 

7C517-38C 

295 17C 

7C517-55C 

295 17M 

7C517-55M 

29701C 

27S07C 

29701M 

27S07M 

29703C 

27S03C 

29703M 

27S03M 

29C01-1C 

7C901-23C+ 

29C01BA 

7C901-32M 

29C01BC 

7C901-31C 

29C01C 

7C901-31C 

29C01CC 

7C901-31C 

29C10-1C 

7C910-40C 

29C101C 

7C9101-40C 

29C101M 

7C9101-35M 

29C10ABA 

7C910-51M 

29C10AC 

7C910-50C 

29C10AC 

7C910-93C 

29C116C 

7C9116AC 

29C116M 

7C9116AM 

29C117C 

7C9117AC 

29L116AC 

7C9116AC 

29L116AM 

7C9116AM 

29L510C 

7C510-75C 

29L510M 

7C510-75M 

29L516C 

7C516-75C 

29L516M 

7C516-75M 

29L517C 

7C517-75C 

29L517M 

7C517-75M 

3341C 

3341C 

3341M 

3341M 

54S189M 

54S189M 

7201-25C 

7C420-25C 

7201-25RC 

7C421-25C 

7201-35C 

7C420-30C 

7201-35RC 

7C421-30C 

7201-50C 

7C420-40C 

7201-50RC 

7C421-40C 

7201-65C 

7C420-65C 

7201-65RC 

7C421-65C 

7202-25C 

7C424-25C 

7202-25RC 

7C425-25C 

7202-35C 

7C424-30C 

7202-35RC 

7C425-30C 


Note: Unless otherwise noted, product meets all performance specs and is within 10 mA on Ice and 5 raA on Isb ; 
+ = meets all performance specs but may not meet Ice or Isb I 
* = meets all performance specs except 2V data retention — may not meet Ice or Isb I 
- = functionally equivalent, 
t = SOIC only 

$ = 32-pin LCC crosses to the 7C198M 
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| -39 jf CYl 

SEN 


CYPRESS 

SEMICONDUCTOR 


Product Line Cross Reference 


AMD 

CYPRESS 

7202-50C 

7C424-40C 

7202-50RC 

7C425-40C 

7202-65C 

7C424-65C 

7202-65RC 

7C425-65C 

7203-25C 

7C428-25C 

7203-25RC 

7C429-25C 

7203-35C 

7C428-30C 

7203-35RC 

7C429-30C 

7203-50C 

7C428-40C 

7203-50RC 

7C429-40C 

7203-65C 

7C428-65C 

7203-65RC 

7C429-65C 

7204-25D 

7C432-25D 

7204-25J 

7C433-25LC 

7204-25P 

7C432-25P 

7204-35D 

7C432-30D 

7204-35J 

7C433-30LC 

7204-35P 

7C432-30P 

7204-50D 

7C432-40D 

7204-50J 

7C433-40LC 

7204-50P 

7C432-40P 

7204-65D 

7C432-65D 

7204-65J 

7C433-65LP 

7204-65P 

7C432-65P 

74S189C 

74S189C 

9122-25C 

9122-25C 

9122-35C 

9122-35C 

9122-35M 

7C122-35M 

9128-100C 

6116-55C 

9128-120M 

6116-55M 

9128-150C 

6116-55C 

9128-150M 

6116-55M 

9128-200C 

6116-55C 

9128-200M 

6116-55M 

9128-70C 

6116-55C 

9128-90M 

6116-55M 

9150-20C 

7C150-15C 

9150-25C 

7C150-25C 

9150-25M 

7C150-25M 

9150-35C 

7C150-35C 

9150-35M 

7C150-35M 

9150-45C 

7C150-35C 

9150-45M 

7C150-35M 

91L22-35C 

91L22-35C 

91L22-35M 

7C122-35M 

91L22-45C 

91L22-45C 

91L22-45M 

7C122-35M 

91L22-60C 

7C122-35C+ 

91L50-25C 

7C150-25C 

91L50-35C 

7C150-35C 

91L50-45C 

7C150-35C 

93422AC 

93422AC 

93422AM 

93422AM 

93422C 

93422C 

93422M 

93422M 

93L422AC 

93L422AC 

93L422AM 

93L422AM 

93L422C 

93L422C 

93L422M 

93L422M 

99C164-35C 

7C164-35C + 

99C164-45C 

7C164-45C+ 

99C164-45M 

7C164-45M + 


AMD 

CYPRESS 

99C164-55C 

7C164-45C+ 

99C164-55M 

7C164-45M+ 

99C164-70C 

7C164-45C+ 

99C164-70M 

7C164-45M 

99C165-35C 

7C166-35C+ 

99C165-4SC 

7C166-45C+ 

99C165-45M 

7C166-45M + 

99C165-55C 

7C166-45C+ 

99C165-55M 

7C166-45M + 

99C165-70C 

7C166-45C+ 

99C165-70M 

7C166-45M + 

99C641-25C 

7C187-25C 

99C641-35C 

7C187-35C 

99C641-45C 

7C187-45C 

99C641-45M 

7C187-45M 

99C641-55C 

7C187-45C 

99C641-55M 

7C187-45M 

99C641-70C 

7C187-45C 

99C641-70M 

7C187-45M 

99C68-35C 

7C168-35C 

99C68-45C 

7C168-45C* 

99C68-45M 

7C168-45M* 

99C68-55C 

7C168-45C* 

99C68-55M 

7C168-45M* 

99C68-70C 

7C168-45C* 

99C68-70M 

7C168-45M* 

99C88H-35C 

7C186-35C 

99C88H-45C 

7C186-45C 

99C88H-45M 

7C186-45M 

99C88H-55C 

7C186-55C 

99C88H-55M 

7C186-55M 

99C88H-70C 

7C186-55C 

99C88H-70M 

7C186-55M 

99CL68-35C 

7C168-35C 

99CL68-45C 

7C168-45C* 

99CL68-45M 

7C168-45M* 

99CL68-55C 

7C168-45C* 

99CL6855M 

7C168-45M* 

99CL68-70C 

7C168-45C* 

99CL68-70M 

7C168-45M* 

PAL16L8A-4C 

PALC16L8L-35C 

PAL16L8A-4M 

PALC16L8-40M 

PAL16L8AC 

PALC16L8-25C 

PAL16L8ALC 

PALC16L8-25C 

PAL16L8ALM 

PALC16L8-30M 

PAL16L8AM 

PALC16L8-30M 

PAL16L8BM 

PALC16L8-20M 

PAL16L8C 

PALC16L8-35C 

PAL16L8LC 

PALC16L8-35C 

PAL16L8LM 

PALC16L8-40M 

PAL16L8M 

PALC16L8-40M 

PAL16L8QC 

PALC16L8L-35C 

PAL16L8QM 

PALC16L8-40M 

PAL16R4A-4C 

PALC16R4L-35C 

PAL16R4A-4M 

PALC16R4-40M 

PAL16R4ALC 

PALC16R4-25C 

PAL16R4ALM 

PALC16R4-30M 

PAL16R4AM 

PALC16R4-30M 

PAL16R4BM 

PALC16R4-20M 

PAL16R4C 

PALC16R4-35C 

PAL16R4LC 

PALC16R4-35C 

PAL16R4LM 

PALC16R4-40M 


AMD 

CYPRESS 

PAL16R4M 

PALC16R4-40M 

PAL16R4QC 

PALC16R4L-35C 

PAL16R4QM 

PALC16R4-40M 

PAL16R6A-4C 

PALC16R6I^-35C 

PAL16R6A-4M 

PALC16R6-40M 

PAL16R6AC 

PALC16R6-2SC 

PAL16R6ALC 

PALC16R6-25C 

PAL16R6ALM 

PALC16R6-30M 

PAL16R6AM 

PALC16R6-30M 

PAL16R6BM 

PALC16R6-20M 

PAL16R6C 

PALC16R6-35C 

PAL16R6LC 

PALC16R6-35C 

PAL16R6LM 

PALC16R6-40M 

PAL16R6M 

PALC16R6-40M 

PAL16R6QC 

PALC16R6L-35C 

PAL16R6QM 

PALC16R6-40M 

PAL16R8A-4C 

PALC16R8E-35 

PAL16R8A-4M 

PALC16R8-40M 

PAL16R8AC 

PALC16R8-25C 

PAL16R8ALC 

PALC16R8-25C 

PAL16R8ALM 

PALC16R8-30M 

PAL16R8AM 

PALC16R8-30M 

PAL16R8BM 

PALC16R8-20M 

PAL16R8C 

PALC16R8-35C 

PAL16R8LC 

PALC16R8-35C 

PAL16R8LM 

PALC16R8-40M 

PAL16R8M 

PALC16R8-40M 

PAL16R8QC 

PALC16R81>35 

PAL16R8QM 

PALC16R8-40M 

PAL22V10AC 

PALC22V10-25C 

PAL22V10AM 

PALC22V 1 0- 30M 

PAL22V10C 

PALC22V10-35C 

PAL22V10M 

PALC22V1 0-40M 

ANALOG DEV 

CYPRESS 

PREFIXrADSP 

PREFIX:CY 

SUFFIX:883B 

SUFFIXrB 

SUFFIX:D 

SUFFIX:D 

SUFFIXrE 

SUFFIX:L 

SUFFIX:F 

SUFFIX:F 

SUFFIXiG 

SUFFIX:G 

1010A 

7C510-65C + 

1010J 

7C510-75C+ 

1010K 

7C510-75C+ 

1010S 

7C510-75M + 

1010T 

7C510-75M+ 

7C901-27M 

7C910-32M 

7C901-32M 

2901CM 

DENSEPAK 

CYPRESS 

PREFIX:DPS 

PREFIX: CYM 

1027-25C 

1621HD-25C 

1027-25C 

161HD-25C 

1027-35C 

1621HD-30C 

1027-35C 

1621HD-35C 

1027-45C 

1621HD-45C 

1027-55C 

1621HD-55C 

16X17-25C 

1611HV-25C 

16X17-25C 

1611HV-25C 

16X17-35C 

1611HV-35C 

16X17-35C 

1611HV-35C 

16X17-45C 

1611HV-45C 
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Product Line Cross Reference 



DENSEPAK 

CYPRESS 

16X17-45C 

1611HV-45C 

16X17-55C 

1611HV-55C 

41288-100C 

1421HD-85C 

41288-100C 

1421HD-100C 

41288-70C 

1421HD-70C 

41288-85C 

1421HD-85C 

41288-85C 

1421HD-85C 

6432-45C 

1830HD-45C 

6432-55C 

1830HD-55C 

6432-55C 

1830HD-55C 

8M624-100C 

1623HD-85C 

8M624-85C 

1623HD-100C 

8M656-35C 

1610HD-35C 

8M656-70C 

1610HD-70C 

EDI 

CYPRESS 

PREFIX: ED 

PREFIX:CYM 

816H16C-25 

1611HV-25C 

816H16C-35 

1611HV-35C 

816H16C-45 

1611HV-45C 

8M8128C-100 

1421HD-85C 

8M8128C-70 

1421HD-70C 

H816H16C-25CC- 

1611HV-25C 

H816H16C-35CC- 

1611HV-35C 

H816H16C-45CC- 

1611HV-45C 

H816H16C-55CC- 

1611HV-45C 

H816H64C-35CC 

1621HD-35C 

H816H64C-35MHR 

1621HD-35MB 

H816H64C-45CC 

1621HD-45C 

H816H64C-45MHR 

1621HD-45MB 

H816H64C-55CC 

1621HD-45C 

H816H64C-55MHR 

1621HD-45MB 

H816H64C-70CC 

1621HD-45C 

H816H64C-70MHR 

1621HD-45MB 

I8M1664C-100CC 

1623HD-100C 

I8M1664C-60CC 

1623HD-55C 

I8M1664C-70CC 

1623HD-70C 

I8M1664C-85CC 

1623HD-85C 

I8M8128C-100CB 

1420HD-55MB 

I8M8128C-100CC 

1421HD-85C 

I8M8128C-60CB 

1420HD-55MB 

I8M8128C-60CC 

1420HD-55C 

I8M8 1 28C-70CB 

1421HD-55MB 

I8M8128C-70CC 

1421HD-70C 

I8M8128C-80CC 

1421HD-70C 

I8M8128C-90CB 

1421HD-55MB 

I8M8128C-90CC 

1421HD-85C 

FAIRCHILD 

CYPRESS 

PREFIX:F 

PREFIX:CY 

SUFFIX:D 

SUFFIX: D 

SUFFIX:F 

SUFFIX: F 

SUFFIX:L 

SUFFIX:L 

SUFFIX:P 

SUFFIX: P 

SUFFIX:QB 

SUFFIX: B 

1O0E422-5 

100E422-5C 

1O0E422-7 

100E422-7C 

10E422-7 

10E422-7C 

100E474-7 

100E474-7C 

10E474-7 

10E474-7C 

1600C45 

7C187-45C 

1600C55 

7C187-45C 


FAIRCHILD 

CYPRESS 

1600C70 

7C187-45C 

1600M55 

7C187-45M 

1600M70 

7C187-45M 

1601C55 

7C187-45C 

1620C35 

7C164-35C+ 

1620M35 

7C164-35M 

1620M45 

7C164-45M 

1621C25 

7C164-25C+ 

1622C2S 

7C166-25C+ 

1622C35 

7C166-35C+ 

1622M35 

7C166-35M 

1622M45 

7C166-45M 

16L8A 

PALC16L8-20M 

16L8A 

PALC16L8-25C 

16P8A 

PALC16L8-20M 

16P8A 

PALC16L8-25C- 

16R4A 

PALC16R4-20M 

16R4A 

PALC16R4-25C 

16R6A 

PALC16R6-20M 

16R6A 

PALC16R6-25C 

16R8A 

PALC16R8-20M 

16R8A 

PALC16R8-25C 

16RP4A 

PALC16R4-20M 

16RP4A 

PALC16R4-25C 

16RP6A 

PALC16R6-20M 

16RP6A 

PALC16R6-25C 

16RP8A 

PALC16R8-20M 

16RP8A 

PALC16R8-25C 

3341AC 

3341C 

3341C 

3341C 

54F189 

7C189-25M- 

54F219 

7C190-25M- 

54F413 

7C401-15M 

54S189M 

54S189M 

74AC1010-40 

7C510-45C 

74F189 

7C189-25C- 

74F219 

7C190-25C- 

74F413 

7C401-15C 

74LS189 

27LS03C 

74S189 

74S189C 

93422AC 

93422AC 

93422AM 

93422AM 

93422C 

93422C 

93422M 

93422M 

93475C 

2149-45C 

93L422AC 

93L422AC 

93L422AM 

93L422AM 

93L422C 

93L422C 

93L422M 

93L422M 

93Z451AC 

7C282-30C 

93Z451AM 

7C282-45M 

93Z451C 

7C282-30C 

93Z451M 

7C282-45M 

93Z511C 

7C292-35C 

93Z511M 

7C292-50M 

93Z565AC 

7C264-45C 

93Z565AM 

7C264-55M 

93Z565C 

7C264-55C 

93Z565M 

7C264-55M 

93Z611C 

7C292-25C 

93Z611M 

7C291A-30M 

93Z665C 

7C264-35C 


FAIRCHILD 

93Z665M 

93Z667C 

93Z667M 

CYPRESS 

7C264-45M 

7C263-35C 

7C261-45M 

FUJITSU 

CYPRESS 

PREFIX:MB 

PREFIX:CY 

PREFIX:MBM 

PREFIX:CY 

SUFFIX:F 

SUFFIX:F 

SUFFIX:M 

SUFFIX:P 

SUFFIX:Z 

SUFFIX:D 

100422A-5C 

100E422-5C 

100422A-7C 

100E422-7C 

100422AC 

100E422-7C 

100474A-3C 

100E474-3C 

100474A-5C 

100E474-5C 

100474A-7C 

100E474-7C 

100474AC 

100E474-7C 

10422A-5C 

10E422-5C 

10422A-7C 

10E422-7C 

104 22 AC 

10E422-7C 

10474A-3C 

10E474-3C 

10474A-5C 

10E474-5C 

10474A-7C 

10E474-7C 

10474AC 

10E474-7C 

2147H-35 

2147-35C 

2147H-45 

2147-45C 

2147H-55 

2147-55C 

2147H-70 

2147-55C 

2148-55L 

21L48-55C 

2148-70L 

21L48-55C 

2149-45 

2149-45C 

2149-55L 

21L49-55C 

2149-70L 

21L49-55C 

7132E 

7C282-45C 

7132E-SK 

7C281-45C 

7132E-W 

7C282-45M 

7132H 

7C282-45C 

7132H-SK 

7C281-45C 

7132Y 

7C282-30C 

7132Y-SK 

7C281-30C 

7138E 

7C292-50C 

7138E-SK 

7C291-50C 

7138E-W 

7C292-50M 

7138H 

7C292-35C 

7138H-SK 

7C291-35C 

7138Y 

7C292-35C 

7138Y-SK 

7C291-35C 

7144E 

7C264-55C 

7144E-W 

7C264-55M 

7144H 

7C264-55C 

7144Y 

7C264-45C 

7226RA-20 

7C225-30C 

7226RA-25 

7C225-30C 

7232RA-20 

7C235-30C 

7232RA-25 

7C235-30C 

7238RA-20 

7C245-25C 

7238RA-25 

7C245-35C 

8128-10 

7C128-55C 

8128-15 

7C128-55C 

8167-70W 

7C167-45M 

8167A-55 

7C167-45C 

8167A-70 

7C167-45C 


Note: Unless otherwise noted, product meets all performance specs and is within 10 mA on Ice and 5 mA on Isb ; 
+ = meets all performance specs but may not meet Ice or Isb I 
* = meets all performance specs except 2V data retention— may not meet Ice or Isb ! 

- = functionally equivalent, 
t = SOIC only 

$ = 32-pin LCC crosses to the 7C198M 1-14 












'CYPRESS 

SEMK3DNDUCT0R 


Product Line Cross Reference 


HITACHI 

CYPRESS 

6167-6 

7C167-45C+ 

6167-8 

7C167-45C+ 

6167H-55 

7C167-45C 

6167H-70 

7C167-45C 

6167HU-55 

7C167-45C* 

6167H1^70 

7C167-45C* 

61671^6 

7C167-45C* 

6167U-8 

7C167-45C* 

6168H-45 

7C168-45C + 

6168H-55 

7C168-45C + 

6168H-70 

7C168-45C + 

6168HL^45 

7C168-45C* 

6168HI^55 

7C168-45C* 

6168HI^70 

7C168-45C* 

6264-10 

7C186-55C+ 

6264-12 

7C186-55C+ 

6264-15 

7C186-55C+ 

6267-35 

7C167-35C+ 

6267-45 

7C167-45C 

6268-25 

7C168-25C 

6268-35 

7C168-35C 

6287-45 

7C187-45C 

6287-55 

7C187-45C 

6287-70 

7C187-45C 

6288-35 

7C164-35C 

6288-45 

7C164-45C 

6288-55 

7C164-45C 

6716 

7C128-25C 

6787-30 

7C187-25C 

6788-25 

7C164-25C 

6788-30 

7C164-25C 

INMOS 

CYPRESS 

PREFIX:IMS 

PREFIXrCY 

SUFFJX:B 

SUFFIX:B 

SUFFIX: P 

SUFFIX:P 

SUFFIX:S 

SUFFIX: D 

SUFFIX:W 

SUFFIX: L 

1203-25 

7C147-25C+ 

1203-35 

7C147-35C+ 

1203-45 

7C147-45C+ 

1203M-35 

7C147-35M + 

1203M-45 

7C147-45M + 

1223-25 

7C148-25C 

1223-35 

7C148-35C 

1223-45 

7C148-45C 

1223M-35 

7C148-25M + 

1223M-45 

7C148-45M + 

1400-35 

7C167-35C 

1400-45 

7C167-45C 

1400-55 

7C167-45C 

1400M-45 

7C167-45M 

1400M-55 

7C167-45M 

1400M-70 

7C167-45M 

1403-25 

7C167-25C 

1403-35 

7C167-35C+ 

1403-45 

7C167-45C+ 

1403-55 

7C167-45C+ 

1403LM-35 

7C167-35M* 

1403M-35 

7C167-35M + 

1403M-45 

7C167-45M + 

1403M-55 

7C167-45M + 


HARRIS 

CYPRESS 

65162C-9 

6116-55M* 

65162S-5 

6116-55C* 

65162S-9 

6116-55M* 

65262-8 

7C167-45M* 

65262-9 

7C167-45M* 

65262B-8 

7C167-45M* 

65252B-9 

7C167-45M* 

65262C-9 

7C167-45M* 

65262S-9 

7C167-45M* 

76161-2 

7C292-50M 

76161A-2 

7C292-50M 

76161A-5 

7C292-50C 

76161B-5 

7C292-35C 

76641-2 

7C264-55M 

76641-5 

7C264-55C 

76641A-5 

7C264-45C 

7681-2 

7C282-45M 

7681-5 

7C282-45C 

7681A-5 

7C282-45C 

HITACHI 

CYPRESS 

PREFIX:HM 

PREFIX:CY 

PREFIX: HN 

PREFIX:CY 

SUFFIX:CG 

SUFFIX:L 

SUFFIX:G 

SUFFIX:D 

SUFFIX:P 

SUFFIX:P 

100422C 

100E422-7C 

100474-10C 

100E474-7C 

10047-8C 

100E474-7C 

100474C 

100E474-7C 

10422C 

10E422-7C 

10474-10C 

100E474-7C 

10474-8C 

10E474-7C 

10474C 

100E474-7C 

25089 

7C282-45C 

25089S 

7C282-45C 

25169S 

7C292-50C 

4847 

2147-55C 

4847-2 

2147-45C 

4847-3 

2147-55C 

6116ALS-12 

6116-55C* 

6116ALS-15 

6116-55C* 

6116ALS-20 

6116-55C* 

6116AS-12 

6116-55C + 

6116AS-15 

6116-55C+ 

6116AS-20 

6116-55C+ 

6147 

7C147-45C* 

6147-3 

7C147-45C* 

6147H-35 

7C147-35C+ 

6147H-45 

7C147-45C+ 

6147H-55 

7C147-45C + 

6147H1^35 

7C147-35C* 

6147HL^45 

7C147-45C* 

6147HL-55 

7C147-55C* 

6148 

7C148-45C 

6148H-35 

21L48-35C 

6148H-45 

7C148-45C+ 

6148H-55 

7C14845C + 

6148HU-35 

21L48-35C* 

6148HI^45 

7C148-45C* 

6148H1^55 

7C148-45C* 

6148L 

7C148-45C* 


FUJTISU 

CYPRESS 

8168-55 

7C168-45C 

8168-70 

7C168-45C 

8168-70W 

7C168-45M 

8171-55 

7C187-45 

8171-70 

7C187-45C 

81C67-35 

7C167-35C 

81C67-45 

7C167-45C 

81C67-55W 

7C167-45M 

81C68-45 

7C168-45C 

81C68-55W 

7C168-45M + 

81C71-45 

7C187-45C 

81C71-55 

7C187-45C 

81C74-25 

7C164-25C 

81C74-35 

7C164-35C+ 

81C74-45 

7C164-45C 

81C75-25 

7C166-25C 

81C75-35 

7C166-35C 

81C78-45 

7C186-45C 

81C78-55 

7C186-55C 

81C81-45 

7C197-45C 

81C81-55 

7C197-45C 

81C84-45 

7C194-45C 

81C84-55 

7C194-45C 

81C86-55 

7C192-45C+ 

81C86-70 

7C192-45C+ 

8464L-100 

7C185-55C + 

84641^70 

7C185-45C+ 

HARRIS 

CYPRESS 

PREFIX: HM 

PREFIX:CY 

PREFIX: HPL 

PREFIX:CY 

SUFFIX:8 

SUFFIX: B 

PREFIX: 1 

SUFFIX:D 

PREFIX:9 

SIFFOX”F 

PREFIX:4 

SUFFIX:L 

PREFIX: 3 

SUFFIX:P 

161X8-5 

PALC16L8L-35C 

16LC8-8 

PALC16L8-40M 

16LC8-9 

PALX16L8-40M 

16RC4-5 

PALC16R4L-35C 

16RC4-8 

PALC16R4-40M 

16RC4-9 

PALC16R4-40M 

16RC6-5 

PALC16R6L-35C 

16RC6-8 

PALC16R6-40M 

16RC6-9 

PALX16R6-40M 

16RC8-5 

PALC16R8L-35C 

16RC8-8 

PALC16R8-40M 

16RC8-9 

PALC16R8-40M 

6-76161-2 

7C291-50M 

6-76161-5 

7C291-50C 

6-76161A-2 

7C291-50M 

6-76161A-5 

7C291-50C 

6-76161B-5 

7C291-35C 

6-7681-5 

7C281-45C 

6-7681A-5 

7C281-45C 

65162-5 

6116-55C* 

65162-8 

6116-55M* 

65162-9 

6116-55M* 

65162B-5 

6116-55C* 

65162B-8 

6116-55M* 

65162B-9 

6116-55M* 

65162C-8 

6116-55M* 
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Vjtfch 

F SEh 


CYPRESS 

SEMKONDUCTOR 


Product Line Cross Reference 


IDT 

CYPRESS 

PREFIX:IDT 

PREFIX:CY 

PREFIX:IDT 

PREFIX:CYM 

SUFFIX:B 

SUFFIX:B 

SUFFIX: D 

SUFFIX: D 

SUFFIX:F 

SUFFIX: F 

SUFFIX:L 

SUFFIX:L 

SUFFIX:P 

SUFFIX:P 

39C01CB 

7C901-32M+ 

39C01CC 

2901CC + 

39C01CM 

2901 CM + 

39C01DB 

7C901-27M+ 

39C01DC 

7C901-23C + 

39C09A 

7C909-40C+ 

39C09AB 

7C909-40M 

39C10B 

7C910-50C- 

39C10BB 

7C910-51M 

39C11A 

7C911-40C+ 

39C11AB 

7C911-40M+ 

49C401 

7C9101-40C- 

49C401 

7C9101-45M- 

6116LA120L32 

6117-55M 

6116LA150L32 

6117-55M 

6116LA35L32 

6117-35M 

6116LA45L32 

6117-45M 

6116LA55L32 

6117-55M 

6116LA70L32 

6117-55M 

6116LA90L32 

6117-55M 

6116SA120L32 

6117-55M 

6116SA150L32 

6117-55M 

6116SA35L32 

6117-35M 

6116SA45L32 

6117-45M 

6116SA55L32 

6117-55M 

6116SA70L32 

6117-55M 

6116SA90L32 

6117-55M 

6116L120B 

6116-55M* 

6116L150B 

6116-55M* 

6116L55 

6116-55C* 

6116L55B 

6116-55M* 

6116L70 

6116-55C* 

6116L70B 

6116-55M* 

6116L90 

6116-55C* 

6116L90B 

6116-55M* 

6116LA120B 

6116-55M* 

6116LA120TB 

7C128-55M* 

6116LA35 

6116-35C* 

6116LA35B 

6116-45M* 

6116LA35T 

7C128-35C* 

6116LA35TB 

7C128-35M* 

6116LA45 

6116-45C* 

6116LA45B 

6116-45M* 

6116LA45T 

7C128-45C* 

6116LA45TB 

7C128-45M* 

6116LA55 

6116-55C* 

6116LA55B 

6116-55M* 

6116LA55T 

7C128-55C* 

6116LA55TB 

7C128-55M* 

6116LA70 

6116-55C* 

6116LA70B 

6116-55M* 

6116LA70T 

7C128-55C* 

6116LA70TB 

7C128-55M* 

6116LA90 

6116-55C* 

6116LA90B 

6116-55M* 


IDT 

CYPRESS 

6116LA90T 

7C128-55C* 

6116LA90TB 

7C128-55M* 

6116S120B 

6116-55M + 

6116S150B 

6116-55M + 

6116S55 

6116-55C+ 

6116S55B 

6116-55M + 

6116S70 

6116-55C+ 

6116S70B 

6116-55M + 

6116S90 

6116-55C+ 

6116S90B 

6116-55M+ 

6116SA120B 

6116-55M + 

6116SA120TB 

7C128-55M+ 

6116SA35 

6116-35C+ 

6116SA35B 

6116-45M + 

6116SA35T 

7C128-35C+ 

6116SA35TB 

7C128-35M + 

61 16SA45 

6116-45C+ 

6116SA45B 

6116-45M + 

6116SA45T 

7C128-45C+ 

6116SA45TB 

7C128-45M + 

6116SA55 

6116-55C+ 

6116SA55B 

6116-55M + 

6116SA55T 

7C128-55C+ 

6116SA55TB 

7C128-55M + 

6116SA70 

6116-55C+ 

6116SA70B 

6116-55M + 

6116SA70T 

7C128-55C+ 

6116SA70TB 

7C128-55M + 

6116SA90 

6116-55C+ 

6116SA90B 

6116-55M + 

6116SA90T 

7C128-55C+ 

6116SA90TB 

7C128-55M + 

6167L100B 

7C167-45M* 

6167L55B 

7C167-45M* 

6167L70B 

7C167-45M* 

6167L85B 

7C167-45M* 

6167LA25 

7C167-25C* 

6167LA35 

7C167-35C* 

6167LA35B 

7C167-35M* 

6167LA4S 

7C167-45C* 

6167LA45B 

7C167-45M* 

6167LA55 

7C167-45C* 

6167LA55B 

7C167-45M* 

6167LA70B 

7C167-45M* 

6167S100B 

7C167-45M 

6167S45 

7C167-45C 

6167S55 

7C167-45C 

6167S55B 

7C167-45M 

6167S70B 

7C167-45M 

6167S85B 

7C167-45M 

6167SA25 

7C167-25C+ 

6167SA35 

7C167-35C+ 

6167SA35B 

7C167-35M+ 

6167SA45 

7C167-45C+ 

6167SA45B 

7C167-45M + 

6167SA55 

7C167-45C+ 

6167SA55B 

7C167-45M + 

6167SA70B 

7C167-45M + 

6168LA100B 

7C168-45M* 

6168LA85B 

7C168-45M* 

6168LA25 

7C168-25C* 

6168LA25B 

7C169-25M 


INMOS 

CYPRESS 

1403M-70 

7C167-45M+ 

1420-45 

7C168-35C 

1420-55 

7C168-45C 

1420M-55 

7C168-45M+ 

1420M-70 

7C168-45M 

1421C-40 

7C169-40C 

1423-25 

7C168-25C + 

1423-35 

7C168-35C+ 

1423-40 

7C168-45C+ 

1423M-35 

7C168-35M* 

1423M-45 

7C168-45M* 

1423M-55 

7C168-45M* 

1433-30 

7C128-25C+ 

1433-35 

7C128-35C+ 

1433-45 

7C128-45C+ 

1433-55 

7C128-55C+ 

1433M-35 

7C128-35M+ 

1433M-45 

7C128-45M+ 

1433M-55 

7C128-55M + 

1600-35 

7C187-35C 

1600-45 

7C187-45C 

1600-55 

7C187-45C 

1600-70 

7C187-45C 

1600M-45 

7C187-45M+ 

1600M-55 

7C187-45M+ 

1600M-70 

7C187-45M + 

1601LM-45 

7C187-45M+ 

1601LM-55 

7C187-45M + 

1601LM-70 

7C187-45M+ 

1620-35 

7C164-35C 

1620-45 

7C164-45C+ 

1620-55 

7C164-45C+ 

1620-70 

7C164-45C+ 

1620M-45 

7C164-45M 

1620M-55 

7C164-45M 

1620M-70 

7C164-45M 

1624-35 

7C166-35C+ 

1624-45 

7C166-45C+ 

1624-55 

7C166-45C+ 

1624-70 

7C166-45C+ 

1624M-45 

7C166-45M 

1624M-55 

7C166-45M 

1624M-70 

7C166-45M 

1625-25 

7C164-25C 

1625-35 

7C164-35C 

1625M-35 

7C164-45M 

1625M-45 

7C164-45M 

1630-45 

7C186-45C+ 

1630-55 

7C186-55C+ 

1630-70 

7C186-55C+ 

1630LM-70 

7C186-55M 

1630M-45 

7C186-45M 

1630M-55 

7C186-55M + 

1630M-70 

7C186-55M 

1800-30 

7C197-25C 

1800-35 

7C197-35C 

1800-45 

7C197-45C 

1800M-35 

7C197-35M 

1800M-45 

7C197-45M 

1820-25 

7C194-25C 

1820-35 

7C194-35C 

1820-45 

7C194-45C 


Note: Unless otherwise noted, product meets all performance specs and is within 10 mA on Ice and 5 mA on Isb I 
+ = meets all performance specs but may not meet Ice or Isb 5 
* = meets all performance specs except 2V data retention— may not meet Icc or Isb I 

- = functionally equivalent, 

t = SOIC only 

t = 32-pin LCC crosses to the 7C198M 
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■J§ CYPRESS 
? SEMICONDUCTOR 


Product Line Cross Reference 


IDT 

CYPRESS 

7132L55 

7C132-55C* 

7132L70 

7C132-55C* 

7132L70B 

7C132-55M* 

7132L90 

7C132-55C* 

7132L90B 

7C132-55M* 

7132S100 

7C132-55C+ 

7132S100B 

7C132-55M + 

7132S120B 

7C132-55M + 

7132S55 

7C132-55C + 

7132S70 

7C132-55C+ 

7132S70B 

7C132-55M + 

7132S90 

7C132-55C+ 

7132S90B 

7C132-55M + 

71321S25 

7C132-25C 

71321S35 

7C132-35C 

71321S45 

7C132-45C 

7140S25 

7C140-25C 

7140S35 

7C140-35C 

7140S45 

7C140-45C 

7140S55 

7C140-55C 

7140S70 

7C140-55C 

7140S90 

7C140-55C 

71421S25 

7C142-25C 

71421S35 

7C142-35C 

71421S45 

7C142-45C 

71421S55 

7C142-55C 

71421S70 

7C142-55C 

71421S90 

7C142-55C 

7164S35T 

7C185-35C 

7164S45T 

7C185-45C 

7164S45TB 

7C185-45M 

7164S55T 

7C185-45M 

7164S55TB 

7C185-55M 

7164S70T 

7C185-55C 

7164S70TB 

7C185-55M 

7164S85TB 

7C185-55M 

7164S35 

7C186-35C 

7164S45 

7C186-45C 

7164S45B 

7C186-45M 

7164S55 

7C186-55C 

7164S55B 

7C186-55M 

7164S70 

7C186-55C 

7164S70B 

7C186-55M 

7164S85B 

7C186-55M 

71681L100B 

7C171-45M* 

71681L45 

7C171-45C* 

71681L55 

7C171-45C* 

71681L55B 

7C171-45M* 

71681L70 

7C171-45C* 

71681L70B 

7C171-45M* 

71681L85B 

7C171-45M* 

71681LA25 

7C171-25C* 

71681LA35 

7C171-35C* 

71681LA35B 

7C171-35M* 

71681LA45 

7C171-45C* 

71681LA45B 

7C171-45M* 

71681LA55 

7C171-45C* 

71681LA55B 

7C171-45M* 

71681LA70B 

7C171-45M* 

71681S100B 

7C171-45M + 

71681S45 

7C171-45C + 

71681S55 

7C171-45C + 


IDT 

CYPRESS 

71681S55B 

7C171-45M + 

71681S70 

7C171-45C+ 

71681S70B 

7C171-45M + 

71681S85B 

7C171-45M + 

71681SA25 

7C171-25C+ 

71681SA35 

7C171-35C+ 

71681SA35B 

7C171-35M + 

71681SA45 

7C171-45C + 

71681SA45B 

7C171-45M + 

71681A55 

7C171-45C+ 

71681SA55B 

7C171-45M + 

71681SA70B 

7C171-45M + 

71682L100B 

7C172-45M* 

71682L45 

7C172-45C* 

71682L55 

7C172-45C* 

71682L55B 

7C172-45M* 

71682L70 

7C172-45C* 

71682L70B 

7C172-45M* 

71682L85B 

7C172-45M* 

71682LA25 

7C172-25C* 

71682LA35 

7C172-35C* 

71682LA35B 

7C172-35M* 

71682LA45 

7C172-45C* 

71682LA45B 

7C172-45M* 

71682LA55 

7C172-45C* 

71682LA55B 

7C172-45M* 

71682S100B 

7C172-45M + 

71682S45 

7C172-45C + 

71682S55 

7C172-45C+ 

71682S55B 

7C172-45M + 

71682S70 

7C172-45C + 

71682S70B 

7C172-45M + 

71682S85B 

7C172-45M + 

71682SA25 

7C172-25C+ 

71682SA35 

7C172-35C+ 

71682SA35B 

7C172-35M + 

71682SA45 

7C172-45C + 

71682SA45B 

7C172-45M + 

71682SA55 

7C172-45C+ 

71682SA55B 

7C172-45M + 

7187S30 

7C187-25C 

7187S35 

7C187-35C 

7187S35B 

7C187-35M 

7187S45 

7C187-45C 

7187S45B 

7C187-45M 

7187S55 

7C187-45C 

7187S55B 

7C187-45M 

7187S70 

7C187-45C 

7187S70B 

7C187-45M 

7187S85 

7C187-45C 

7187S85B 

7C187-45M 

7188S25 

7C194-25C 

7188S30 

7C164-25C 

7188S35 

7C164-35C 

7188S35 

7C194-35C 

7188S35B 

7C194-35M 

7188S45 

7C164-45C 

7188S45 

7C194-45C 

7188S45B 

7C164-45M 

7188S45B 

7C194-45M 

7188S55 

7C164-45C 

7188S55B 

7C164-45M 


IDT 

CYPRESS 

6168LA35 

7C168-35C* 

6168LA35B 

7C168-35M* 

6168LA45B 

7C168-45M* 

6168LA55B 

7C168-45M* 

6168LA70B 

7C168-45M* 

6168SA100B 

7C168-45M + 

6168SA70B 

7C168-45M 

6168SA85B 

7C168-45M 

6168SA25 

7C168-25C + 

6168SA25B 

7C169-25M 

6168SA35 

7C168-35C+ 

6168SA35B 

7C168-35M + 

6168SA45B 

7C168-45M + 

6168SA55B 

7C168-45M + 

6168SA70B 

7C168-45M + 

61970S25 

7C170-25C 

61970S35 

7C170-35C 

61970S35B 

7C170-35M 

61970S45 

7C170-45C 

61970S45B 

7C170-45M 

6198S25 

7C196-25C 

6198S35 

7C196-35C 

6198S35B 

7C196-35M 

6198S45 

7C196-45C 

6198S45B 

7C196-45M 

71256S25 

7C198-25C 

71256S25 

7C199-25C* 

71256S35 

7C198-35C 

71256S35 

7C199-35C* 

71256S35B 

7C198-35M 

71256S35B 

7C199-35M$ 

71256S45 

7C198-45C 

71256S45 

7C199-45Ct 

71256S45B 

7C198-45M 

71256S45B 

7C199-45MJ 

71256S55 

7C198-55C 

71256S55 

7C199-55C1- 

71256S55B 

7C198-55M 

71256S55B 

7C199-55M$ 

71257S25 

7C197-25C 

71257S35 

7C197-35C 

71257S35B 

7C197-35M 

71257S45 

7C197-45C 

71257S45B 

7C197-45M 

7130L100 

7C130-55C* 

7130L100B 

7C130-55M 

7130L120B 

7C130-55M 

7130L55 

7C1309-55C* 

7130L70 

7C130-55C* 

7130L90 

7C130-55C* 

7130S100 

7C130-55C 

7130S100B 

7C130-55M 

7130S120B 

7C130-55M 

7130S25 

7C130-25C 

7130S35 

7C130-35C 

7130S45 

7C130-45C 

7130S55 

7C130-55C 

7130S70 

7C130-55C 

7130S90 

7C130-55C 

7132L100 

7C132-55C* 

7132L100B 

7C132-55M* 

7132L120B 

7C132-55M* 
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CYPRESS 

SEMICONDUCTOR 


Product Line Cross Reference 


IDT 

CYPRESS 

7188S70 

7C164-45C 

7188S70B 

7C164-45M 

7188S85B 

7C164-45M 

71981S25 

7C191-25C 

71981S35 

7C161-35C 

71981S35 

7C191-35C 

71981S35B 

7C161-35M 

71981S35B 

7C191-35M 

71981S45 

7C161-45C 

71981S45 

7C191-45C 

71981S45B 

7C161-45M 

71981S45B 

7C191-45M 

71981S55 

7C161-45C 

71981S55B 

7C161-45M 

71981S70 

7C161-45C 

71981S70B 

7C161-45M 

71981S85B 

7C161-45M 

71982S25 

7C192-25C 

71982S35 

7C162-35C 

71982S35 

7C192-35C 

71982S35B 

7C162-35M 

71982S35B 

7C192-35M 

71982S45 

7C162-45C 

71982S45 

7C192-45C 

71982S45B 

7C162-45M 

71982S45B 

7C192-45M 

71982S55 

7C162-45C 

71982SS5B 

7C162-45M 

71982S70 

7C162-45C 

71982S70B 

7C162-45M 

71982S85B 

7C162-45M 

7198S35 

7C166-35C 

7198S35B 

7C166-35M 

7198S45 

7C166-45C 

7198S45B 

7C166-45M 

7198S55 

7C166-45C 

7198S55B 

7C166-45M 

7198S70 

7C166-45C 

7198S70B 

7C166-45M 

7198S85B 

7C166-45M 

7201LA120 

7C420-65C+ 

7201LA120B 

7C420-65M+ 

7201LA35 

7C420-30C + 

7201LA40B 

7C420-40M + 

7201LA50 

7C420-40C + 

7201LA50B 

7C420-40M + 

7201LA65 

7C420-65C+ 

7201LA65B 

7C420-65M + 

7201LA80 

7C420-65C+ 

7201LA80B 

7C420-65M + 

7201SA120 

7C420-65C 

7201SA120B 

7C420-65M 

7201SA35 

7C420-30C 

7201SA40B 

7C420-40M 

7201SA50 

7C420-40C 

7201SA50B 

7C420-40M 

7201SA65 

7C420-65C 

7201SA65B 

7C420-65M 

7201SA80 

7C420-65C 

7201SA80B 

7C420-65M 

7201LA25T 

7C421-25C 

7201LA30TB 

7C421-30M 


IDT 

CYPRESS 

7201LA35T 

7C421-30C 

7201LA40TB 

7C421-40M 

7201LA50TB 

7C421-40M 

7201LA65T 

7C421-65C 

7201LA50T 

7C421-40C 

7201LA65TB 

7C421-65M 

7201SA25T 

7C421-25C 

7201SA30TB 

7C421-30M 

7201SA35T 

7C421-30C 

7201SA40TB 

7C421-40M 

7201SA50T 

7C421-40C 

7201SA50TB 

7C421-40M 

7201SA65T 

7C421-65C 

7201SA65TB 

7C421-65M 

7202LA120 

7C424-65C+ 

7202LA120B 

7C424-65M + 

7202LA25 

7C424-25C 

7202LA35 

7C424-30C+ 

7202LA40B 

7C424-40M + 

7202LA50 

7C424-40C+ 

7202LA50B 

7C424-40M + 

7202LA65 

7C424-65C+ 

7202LA65B 

7C424-65M + 

7202LA80 

7C424-65C + 

7202LA80B 

7C424-65M + 

7202SA120 

7C424-65C 

7202SA120B 

7C424-65M 

7202SA25 

7C424-25C 

7202SA35 

7C424-30C 

7202SA40B 

7C424-40M 

7202SA50 

7C424-40C 

7202SA50B 

7C424-40M 

7202SA65 

7C424-65C 

7202SA65B 

7C424-65M 

7202SA80 

7C424-65C 

7202SA80B 

7C424-65M 

7202LA25T 

7C425-25C 

7202LA30TB 

7C425-30M 

7202LA35T 

7C425-30C 

7202LA40TB 

7C425-40M 

7202LA50T 

7C425-40C 

7202LA50TB 

7C425-40M 

7202LA65T 

7C425-65C 

7202LA65TB 

7C425-65M 

7202SA25T 

7C425-25C 

7202SA30TB 

7C425-30M 

7202SA35T 

7C425-30C 

7202SA40TB 

7C425-40M 

7202SA50T 

7C425-40C 

7202SA50TB 

7C425-40M 

7202SA65T 

7C425-65C 

7202SA65TB 

7C425-65M 

7203L50 

7C428-40C 

7203L50B 

7C428-40M 

7203L50T 

7C429-40C 

7203L65 

7C428-65C 

7203L65B 

7C428-65M 

7203L65T 

7C429-65C 

7203S50 

7C428-40C 

7203S50B 

7C428-40M 

7203S50T 

7C429-40C 

7203S65 

7C428-65C 


IDT 

CYPRESS 

7203S65B 

7C428-65M 

7203S65T 

7C429-65C 

72045S35D 

7C432-30D + 

72045S35D 

7C432-40D + 

72045S35J 

7C433-30LC+ 

72045S35P 

7C433-30P+ 

72045S35P 

7C433-65P+ 

72045S40J 

7C433-40LMB 

72045S50D 

7C432-65D + 

72045S50J 

7C433-40LC+ 

72045S50P 

7C433-40P+ 

72045S65J 

7C433-65LC+ 

7210-120B 

7C510-75M 

7210-200B 

7C510-75M+ 

7210-55B 

7C510-55M 

7210-65B 

7C510-65M 

7210-75B 

7C510-75M 

7210-85B 

7C510-75M 

7210U-45 

7C510-45C+ 

7210L100 

7C510-75C+ 

7210L165 

7C510-75C+ 

7210L55 

7C510-55C+ 

7210L65 

7C510-65C+ 

7210L75 

7C510-75C+ 

7216L120B 

7C516-75M+ 

7216L140 

7C516-75C+ 

7216L185B 

7C516-75M+ 

7216L55 

7C516-55C+ 

7216L55B 

7C516-55M + 

7216L65 

7C516-65C+ 

7216L65B 

7C516-65M 

7216L75 

7C516-75C+ 

7216L75B 

7C516-75M 

7216L90 

7C516-75C+ 

7216L90B 

7C516-75M + 

7217L120B 

7C517-75M + 

7217L140 

7C517-75C+ 

7217L185B 

7C517-75M+ 

7217L45 

7C517-45C+ 

7217L55 

7C517-55C+ 

7217L55B 

7C517-55M 

7217L65 

7C517-65C+ 

7217L65B 

7C517-65M 

7217L75 

7C517-75C+ 

7217L75B 

7C517-75M 

7217L90 

7C517-75C+ 

7217L90B 

7C517-75M + 

7M4016S25C 

1641HD-25C 

7M4016S35C 

1641HD-35C 

7M4016S35CB 

1641HD-35MB 

7M4016S45C 

1641HD-45C 

7M4016S45CB 

1641HD-45MB 

7M4016S55C 

1641HD-55C 

7M4016S55CB 

1641HD-55MB 

7M4016S70CB 

1641HD-55MB 

7M4017S40C 

1830HD-35C 

7N4017S45C 

1830HD-45C 

7M4017S50C 

1830HD-45C 

7M4017S50CB 

1830HD-45MB 

7M4017S55C 

1830HD-55C 

7M4017S60C 

1830HD-55C 

7M4017S60CB 

1830HD-55MB 


Note: Unless otherwise noted, product meets all performance specs and is within 10 mA on Ice and 5 mA on Isb ; 
+ = meets all performance specs but may not meet Ice or Isb ; 

* = meets all performance specs except 2V data retention —may not meet Ice or Isb ; 

- = functionally equivalent, 
t = SOIC only 

$ = 32-pin LCC crosses to the 7C198M 
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CYPRESS 

SEMICONDUCTOR 


Product Line Cross Reference 


IDT 

CYPRESS 

8M824L85N 

1421HD-85C 

8M824S100CB 

1420HD-55MB 

8M824S100N 

1421HD-85C 

8M824S35C 

1420HD-35C 

8M824S40C 

1420HD-35C 

8M824S45C 

1420HD-45C 

8M824S45CB 

1420HD-45MB 

8M824S45N 

1423PD-45C 

8M824S50C 

1420HD-45C 

8M824S50CB 

1420HD-45MB 

8M824S50N 

1423PD-45C 

8M824S60C 

1420HD-55C 

8M824S60CB 

1420HD-55MB 

8M824S60N 

1423PD-55C 

8M824S70C 

1421HD-70C 

8M824S70CB 

1420HD-55MB 

8M824S70N 

1423PD-70C 

8M824S85CB 

1420HD-55MB 

8M824S85N 

1421HD-85C 

8MP624S40S 

1626PS-35C 

8MP624S45S 

1626PS-45C 

8MP624S50S 

1626PS-45C 

8MP624S60S 

1626PS-45C 

8MP824S40S 

1422PS-35C 

8MP824S45S 

1422PS-45C 

8MP824S50S 

1422PS-45C 

8MP824S60S 

1422PS-55C 

8MP824S70S 

1422PS-55C 

INTEL 

CYPRESS 

PREFIX:D 

SUFFIX:D 

PREFIX:L 

SUFFIX:L 

PREFIX:P 

SUFFIX:P 

SUFFIX:/B 

SUFFIX:B 

2147H 

2147-55C 

2147H-1 

2147-35C 

2147H-2 

2147-45C 

2147FI-3 

2147-55C 

2147HL 

7C147-45C 

2148H 

2148-55C 

2148H-2 

2148-45C 

2148H-3 

2148-55C 

2148HL 

21L48-55C 

2148HI^-3 

21L48-55C 

2149H 

2149-55C 

2149H-1 

2149-35C 

2149H-2 

2149-45C 

2149H-3 

2149-55C 

2149HL 

21L49-55C 

51C66-25 

7C167-25C- 

51C66-30 

7C167-25C- 

51C66-35 

7C167-25C- 

51C66-35L 

7C167-25C- 

51C67-30 

7C167-25C+ 

51C67-35 

7C167-35C+ 

51C67-35L 

7C167-35C+ 

51C68-30 

7C168-25C+ 

51C68-35 

7C168-35C + 

M2147H-3 

7C169-40M 

M2148H 

2148-55M 

M2149H 

2149-55M 

M2149H-2 

2149-45M 


INTEL 

M2149H-3 

CYPRESS 

2149-55M 

LATTICE 

CYPRESS 

PREFIX:EE 

PREFIX:CY 

PREFIX:GAL 

PREFIX:CY 

PREFIX:ST 

PREFIX:CY 

SUFFIX:B 

SUFFIX:B 

SUFFIX:D 

SUFFIX:D 

SUFFIX:L 

SUFFIX:L 

SUFFIX:P 

SUFFIX:P 

16K4-25 

7C168-25C 

16K4-35 

7C168-35C 

16K4-35M 

7C168-35M 

16K4-45 

7C168-45C 

16K4-45M 

7C168-45M 

16K8-35 

7C128-35C+ 

16K8-55 

7C128-45C+ 

16V8-25 

PALC16L8-25C 

16V8-25 

PALC16R4-25C 

16V8-25 

PALC16R6-25C 

16V8-25 

PALC16R8-25C 

16V8-25L 

PALC16L8-25C 

16V8-25L 

PALC16R4-25C 

16V8-25L 

PALC16R6-25C 

16V8-25L 

PALC16R8-25C 

16V8-25Q 

PALC16L8E-25C 

16V8-25Q 

PALC16R4I^25 

16V8-25Q 

PALC16R6L-25 

16V8-25Q 

PALC16R8U25 

16V8-30 

PALC16L8-30M 

16V8-30 

PALC16R4-30M 

16V8-30 

PALC16R6-30M 

16V8-30 

PALC16R8-30M 

16V8-30L 

PALC16L8-30M 

16V8-30L 

PALC16R4-30M 

16V8-30L 

PALC16R6-30M 

16V8-30L 

PALC16R8-30M 

16V8-30Q 

PALC16L8-30M 

16V8-30Q 

PALC16R4-30M 

16V8-30Q 

PALC16R6-30M 

16V8-30Q 

PALC16R8-30M 

16V8-35 

PALC16L8-35C 

16V8-35 

PALC16R4-35C 

16V8-35 

PALC16R6-35C 

16V8-35 

PALC16R8-35C 

16V8-35L 

PALC16L8-35C 

16V8-35L 

PALC16R4-35C 

16V8-35L 

PALC16R6-35C 

16V8-35L 

PALC16R8-35C 

16V8-35Q 

PALC16L81^35C 

16V8-35Q 

PALC16R4L-35C 

16V8-35Q 

PALC16R6I^35C 

16V8-35Q 

PALC16R8L-35C 

20V8-25 

PLDC20G10-25C 

20V8-25L 

PLDC20G10-25C 

20V8-25Q 

PLDC20G 10-25C 

20V8-35 

PLDC20G10-30M 

20V8-35 

PLDC20G10-35C 

20V8-35L 

PLDC20G10-30M 

20V8-35L 

PLDC20G10-35C 

20V8-35Q 

PLDC20G 1 0- 30M 

20V8-35Q 

PLDC20G10-35C 


IDT 

CYPRESS 

7M4017S70C 

1830HD-55C 

7M4017S70CB 

1830HD-55MB 

7M624S30C 

1621HD-30C 

7M624S35C 

1621HD-35C 

7M624S35CB 

1621HD-35MB 

7M624S45C 

1621HD-45C 

7M624S45CB 

1621HD-45MB 

7M624S55C 

1621HD-45C 

7M624S55CB 

1621HD-45MB 

7M624S65C 

1621HD-45C 

7M624S65CB 

1621HD-45MB 

7MC4005S20CV 

1611HV-20C 

7MC4005S25CV 

1611HV-25C 

7MC4005S25CVB 

1611HV-25MB 

7MC4005S30CV 

1611HV-30C 

7MC4005S30CVB 

1611HV-30MB 

7MC4005S35CV 

1611HV-35C 

7MC4005S35CVB 

1611HV-35MB 

7MC4005S45CV 

1611HV-45C 

7MC4005S45CVB 

1611HV-45MB 

7MC4005S55CV 

1611HV-45C 

7MC4005S55CVB 

1611HV-45MB 

7MC4032S20CV 

1822HV-20C 

7MC4032S25CV 

1822HV-25C 

7MC4032S25CVB 

1822HV-25MB 

7MC4032S30CV 

1822HV-30C 

7MC4032S30CVB 

1822HV-30MB 

7MC4032S40CV 

1822HV-35C 

7MC4032S40CVB 

1822HV-35MB 

7MC4032S50CV 

1822HV-45C 

7MC4032S50CVB 

1822HV-45MB 

7MC4032S70CVB 

1822HV-45MB 

7MP4008L100S 

1461PS-100C 

7MP4008L70S 

1461PS-70C 

7MP4008L85S 

1461PS-85C 

7MP4008S35S 

1460PS-35C 

7MP4008S45S 

1460PS-45C 

7MP4008S55S 

1460PS-55C 

7MP4008S70S 

1460PS-70C 

8M624S100CB 

1620HD-55MB 

8M624S35C 

1620HD-35C 

8M624S40C 

1620HD-35C 

8M624S45C 

1620HD-45C 

8M624S50C 

1620HD-45C 

8M624S50CB 

1620HD-45MB 

8M624S60C 

1620HD-55C 

8M624S60CB 

1620HD-55MB 

8M624S70C 

1620HD-55C 

8N624S70CB 

1620HD-55MB 

8N624S85CB 

1620HD-55MB 

8M656S40C 

1610HD-35C 

8M656S50C 

1610HD-45C 

8M656S50CB 

1610HD-45MB 

8M656S60C 

1610HD-45C 

8M656S60CB 

1610HD-45MB 

8M656S70C 

1610HD-45C 

8M656S70CB 

1610HD-45MB 

8M656S85C 

1610HD-45C 

8M656S85CB 

1610HD-45MB 

8M824L100C 

1421HD-85C 

8M824L100N 

1421HD-85C 

8M824L85C 

1421HD-85C 
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CYPRESS 

SEMICONDUCTOR 


Product Line Cross Reference 


LATTICE 

CYPRESS 

64E4-35 

7C166-35C 

64E4-45 

7C155-45C 

64E4-55 

7C166-45C 

64K1-35 

7C187-35C 

64K1-45 

7C187-45C 

64K1-45M 

7C187-45M 

64K1-55 

7C187-45C 

64K1-55M 

7C187-45M 

64K4-35 

7C164-35C 

64K4-45 

7C164-45C 

64K4-45M 

7C164-45M 

64K4-55 

7C164-45C 

64K4-55M 

7C164-45M 

64K8-35 

7C186-35C 

64K8-45 

7C186-45C 

64K8-45 

7C264-45C 

64K8-45M 

7C186-45M 

64K8-55 

7C186-55C 

64K8-55 

7C264-55C 

64K8-55M 

7C186-45M 

64K8-70 

7C264-55C 

L1010-45 

7C510-45C+ 

L1010-65 

7C510-65C+ 

L1010-65B 

7C510-65M+ 

L1010-90 

7C510-75C + 

L1010-90B 

7C510-75M + 

MICRON 

CYPRESS 

PREFIX: MT 

PREIFX:CY 

5C1601-20C 

7C167A-20C 

5C1601-25C 

7C167A-25C 

5C1601-25M 

7C167A-25M 

5CI601-35C 

7C167A-35C 

5C1601-35M 

7C167A-35M 

5C1601-45C 

7C167A-45C 

5C1601-45M 

7C167A-45M 

5C1604-20C 

7C168A-20C 

5C1604-25C 

7C168A-25C 

5C1604-25M 

7C168A-25M 

5C1604-35C 

7C168A-35C 

5C1604-35M 

7C168A-35M 

5C1604-45C 

7C168A-45C 

5C1604-45M 

7C168A-45M 

5C1605-20C 

7C170A-20C 

5C1605-25C 

7C170A-25C 

5C1605-25M 

7C170A-25M 

5C1605-35C 

7C170A-35C 

5C1605-35M 

7C170A-35M 

5C1605-45C 

7C170A-45C 

5C1605-45M 

7C170A-45M 

5C1606-20C 

7C171A-20C 

5C1606-25C 

7C171A-25C 

5C1606-25M 

7C171A-25M 

5C1606-35C 

7C171A-35C 

5C1606-35M 

7C171A-35M 

5C1606-45C 

7C171A-45C 

5C1606-45M 

7C171A-45M 

5C1607-20C 

7C172A-20C 

5C1607-25C 

7C172A-25C 

5C1607-25M 

7C172A-25M 

5C1607-35C 

7C172A-35C 

5C1607-35M 

7C172A-35M 


MICRON 

CYPRESS 

5C1607-45C 

7C172A-45C 

5C1607-45M 

7C172A-45M 

5C1608-20C 

7C128A-20C 

5C1608-25C 

7C128A-25C 

5C1608-25M 

7C128A-25M 

5C1608-35C 

7C128A-35C 

5C1608-35M 

7C128A-35M 

5C1608-45C 

7C128A-45C 

5C1608-45M 

7C128A-45M 

5C1608-55C 

7C128A-55C 

5C1608-55M 

7C128A-55M 

5C2561-25C 

7C197-25C 

5C2561-35C 

7C197-35C 

5C2561-35M 

7C197-35M 

5C2561-45C 

7C197-45C 

5C2561-45M 

7C197-45M 

5C6401-20C 

7C187-20C 

5C6401-25C 

7C187-25C 

5C6401-25M 

7C187-25M 

5C6401-35C 

7C187-35C 

5C6401-35M 

7C187-35M 

5C6401-45C 

7C187-45C 

5C6401-45M 

7C187-45M 

5C6404-20C 

7C164-20C 

5C6404-25C 

7C164-25C 

5C6404-25M 

7C164-25M 

5C6404-35C 

7C164-35C 

5C6404-35M 

7C164-35M 

5C6404-45C 

7C164-45C 

5C6404-45M 

7C164-45M 

5C6405-20C 

7C166-20C 

5C6405-25C 

7C166-25C 

5C6405-25M 

7C166-25M 

5C6405-35C 

7C166-35C 

5C6405-35M 

7C166-35M 

5C6405-45C 

7C166-45C 

5C6405-45M 

7C166-45M 

5C6406-20C 

7C161-20C 

5C6406-25C 

7C161-25C 

5C6406-25M 

7C161-25M 

5C6406-35C 

7C161-35C 

5C6406-35M 

7C161-35M 

5C6406-45C 

7C161-45C 

5C6406-45M 

7C161-45M 

5C6407-20C 

7C162-20C 

5C6407-25C 

7C162-25C 

5C6407-25M 

7C162-25M 

5C6407-35C 

7C162-35C 

5C6407-35M 

7C162-35M 

5C6407-45C 

7C162-45C 

5C6407-45M 

7C162-45M 

5C6408-20C 

7C185-20C 

5C6408-25C 

7C185-25C 

5C6408-25M 

7C185-25M 

5C6408-35C 

7C185-35C 

5C6408-35M 

7C185-35M 

5C6408-45C 

7C185-45C 

5C6408-45M 

7C185-45M 

5C6408-55C 

7C185-55C 

5C6408-55M 

7C185-55M 

5C6408W-20C 

7C186-20C 

5C6408W-25C 

7C186-25C 


MICRON 

CYPRESS 

5C6408W-25M 

7C186-25M 

5C6408W-35C 

7C186-35C 

5C6408W-35M 

7C186-35M 

5C6408W-45C 

7C186-45C 

5C6408W-45M 

7C186-45M 

5C6408W-55C 

7C186-55C 

5C6408W-55M 

7C186-55M 

85C1664-30C 

1620HD-30C 

85C1664-35C 

1620HD-35C 

85C1664-45C 

1620HD-45C 

85C8128-30C 

1420HD-30C 

85C8128-35C 

1420HD-35C 

85C8128-45C 

1420HD-45C 

85C8128-45C 

1423PD-45C 

MITSUBISHI 

CYPRESS 

PREFIX:M5M 

PREFIX:CY 

SUFFIX:AP 

SUFFIX:L 

SUFFIXrFP 

SUFFIX.F 

SUFFIXrK 

SUFFIX:D 

SUFFIX:P 

SUFFIX:P 

21C67P-35 

7C167-35C 

21C67P-45 

7C167-45C 

21C67P-55 

7C167-45C 

21C68P-35 

7C168-35C 

21C68P-45 

7C168-45C 

21C68P-55 

7C168-45C 

5165L-100 

7C186-55C+ 

5165L-120 

7C186-55C+ 

5165L-70 

7C186-55C+ 

5165P-100 

7C186-55C+ 

5165P-120 

7C186-55C+ 

5165P-70 

7C186-55C+ 

5178P-45 

7C186-45C+ 

5178P-55 

7C186-55C+ 

5187P-25 

7C187-25C 

5187P-35 

7C187-35C 

5187P-45 

7C187-45C 

5187P-55 

7C187-45C 

5188P-25 

7C164-25C 

5188P-35 

7C164-35C 

5188P-45 

7C164-45C 

5188P-55 

7C164-45C 

MMI/AMD 

CYPRESS 

SUFFIX:883B 

SUFFIX:B 

SUFFIX:F 

SUFFIX:F 

SUFFIXrJ 

SUFFIX:D 

SUFFIX:L 

SUFF1X:L 

SUFFIX: N 

SUFFIX:P 

SUFFIX:SHRP 

SUFFIX:B 

5381-1 

7C282-45M 

5381-2 

7C282-45M 

5381S-1 

7C281-45M 

5381S-2 

7C281-45M 

53RA1681AS 

7C245-35M- 

53RA1681S 

7C245-45M- 

53RA481AS 

7C225-35M 

53RA481S 

7C225-40M 

53R1681AS 

7C245-35M- 

53RS1681S 

7C245-45M- 

53RS881AS 

7C235-40M 


Note: Unless otherwise noted, product meets all performance specs and is within 10 raA on Ice and 5 mA on Isb ; 
+ = meets all performance specs but may not meet Ice or Isb < 

* = meets all performance specs except 2V data retention —may not meet I C c or Isb I 
- = functionally equivalent, 
t = SOIC only 

$ = 32-pin LCC crosses to the 7C198M 
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Sv 

if CYPRESS 
& SEMICONDUCTOR 


Product Line Cross Reference 


MMI/AMD 

CYPRESS 

53RS881S 

7C235-40M- 

53S1681 

7C292-50M 

53S1681AS 

7C291-35M 

53S1681S 

7C291-50M 

53S881 

7C282-45M 

53S881A 

7C282-45M 

53S881AS 

7C281-45M 

53S881S 

7C281-45M 

57401 

7C401-10M 

57401A 

7C401-10M 

57402 

7C402-10M 

57402A 

7C402-10M 

6381-1 

7C282-45C 

6381-2 

7C282-45C 

6381S-1 

7C281-45C 

6381S-2 

7C281-45C 

63RA1681AS 

7C245-35C- 

63RA1681S 

7C245-35C- 

63RA481AS 

7C225-25C 

63RA481S 

7C225-30C 

63RS1681AS 

7C245-35C- 

63RS1681S 

7C245-35C- 

63RS881AS 

7C235-30C- 

63RS881S 

7C235-30C- 

63S1681 

7C292-50C 

63S1681A 

7C292-35C 

63S1681AS 

7C291-35C 

63S1681S 

7C291-50C 

63S881 

7C281-45C 

63S881 

7C282-45C 

63S881A 

7C281-30C 

63S881A 

7C282-30C 

67401 

7C401-10C 

67401A 

7C401-15C 

67401B 

7C403-25C 

67401D 

7C403-25C 

67402 

7C402-10C 

67402A 

7C402-15C 

67402B 

7C402-25C 

67402D 

7C404-25C 

67411 

7C403-25C 

67412 

7C402-25C 

67L402 

7C402-10C 

C57401 

7C401-10M 

C57401A 

7C401-10M 

C57402 

7C402-10M 

C57402A 

7C402-10M 

C67401A 

7C401-15C 

C67401B 

7C403-25C 

C67402 

7C402-10C 

C67402A 

7C402-15C 

C67402B 

7C404-25C 

C67L401 

7C401-5C 

C67401D 

7C401-15C 

C67402D 

7C402-15C 

PAL12L10C 

PLDC20G10-35C 

PAL12L10M 

PLDC20G10-40M 

PAL14L8C 

PLDC20G10-35C 

PAL14L8M 

PLD20G10-40M 

PAL16L6C 

PLD20G10-35C 

PAL16L6M 

PLDC20G10-40M 

PAL16L8A-2C 

PALC16L8-35C 


MMI/AMD CYPRESS 

PAL16L8A-2M PALC16L8-40M 

PAL16L8A-4C PALC16L8L-35C 

PAL16L8A-4M PALC16L8-40M 

PAL16L8AC PALC16L8-25C 

PAL16L8AM PALC16L8-30M 

PAL16L8B-2C PALC16L8-35C 

PAL16L8B-2M PALC16L8-30M 

PAL16L8B-4C PALC16L8L-35C 

PAL16L8B-4M PALC16L8-40M 

PAL16L8BM PALC16L8-20M 

PAL16L8C PALC16L8-35C 

PAL16L8D-4C PALC16L8L-25C 

PAL16L8D-4M PALC16L8-30M 

PAL16L8M PALC16L8-40M 

PAL16R4A-2C PALC16R4-35C 

PAL16R4A-2M PALC16R4-40M 

PAL16R4A-4C PALC16R4L-35C 

PAL16R4A-4M PALC16R4-40M 

PAL16R4AC PALC16R4-25C 

PALI 6 R4 AM PALC16R4-30M 

PAL16R4B-2C PALC16R4-25C 

PAL16R4B-2M PALC16R4-30M 

PAL16R4B-4C PALC16R4L-35C 

PAL16R4B-4M PALC16R4-40M 

PAL16R4BM PALC16R4-20M 

PAL16R4C PALC16R4-35C 

PAL16R4D-4C PALC16R4L-25C 

PAL16R4M PALCl 6R4-40M 

PAL16R6A-2C PALC16R6-35C 

PAL16R6A-2M PALC16R6-40M 

PAL16R6A-4C PALC16R6L-35C 

PAL16R6A-4M PALC16R6-40M 

PAL16R6AC PALC16R6-25C 

PAL16R6AM PALC16R6-30M 

PAL16R6B-2C PALC16R6-25C 

PAL16R6B-2M PALC16R6-30M 

PAL16R6B-4C PALC16R6I^35C 

PAL16R6B-4M PALC16R6-40M 

PAL16R6BM PALC16R6-20M 

PAL16R6C PALC16R6-35C 

PAL16R6D-4C PALC16R6L-25C 

PAL16R6M PALC16R6-40M 

PAL16R8A-2C PALC16R8-35C 

PAL16R8A-2M PALC16R8-40M 

PAL16R8A-4C PALC16R8L-35C 

PAL16R8A-4M PALC16R8-40M 

PAL16R8AC PALC16R8-25C 

PAL16R8AM PALC16R8-30M 

PAL16R8B-2C PALC16R8-25C 

PAL16R8B-2M PALC16R8-30M 

PAL16R8B-4C PALC16R8L-35C 

PAL16R8B-4M PALC16R8-40M 

PAL16R8BM PALC16R8-20M 

PAL16R8C PALC16R8-35C 

PAL16R8D-4C PALC1648I^25C 

PAL16R8M PALC16R8-40M 

PAL18L4C PLDC20G10-35C 

PAL18LAM PLDC20G10-40M 

PAL20L10AC PLDC20G10-35C 

PAL20L10AM PLDC20G10-30M 

PAL20L10C PLDC20G10-35C 

PAL20L10M PLDC20G10-40M 


MMI/AMD 

CYPRESS 

PAL20L2C 

PLDC20G10-35C 

PAL20L2M 

PLDC20G10-40M 

PAL20L8A-2C 

PLDC20G10-35C 

PAL20L8A-2M 

PLDC20G10-40M 

PAL20L8AC 

PLDC20G10-25C 

PAL20L8AM 

PLDC20G 1 0- 30M 

PAL20L8C 

PLDC20G10-35C 

PAL20L8M 

PLDC20G 1 0-40M 

PAL20R4A-2C 

PLDC20G10-35C 

PAL20R4A-2M 

PLDC20G10-40M 

PAL20R4AC 

PLDC20G10-25C 

PAL20R4AM 

PLDC20G10-30M 

PAL20R4C 

PLDC20G10-35C 

PAL20R4M 

PLDC20G10-40M 

PAL20R6A-2C 

PLDC20G10-35C 

PAL20R6A-2M 

PLDC20G10-40M 

PAL20R6AC 

PLDC20G10-25C 

PAL20R6AM 

PLDC20G 1 0- 30M 

PAL20R6C 

PLDC20G10-35C 

PAL20R6M 

PLDC20G 1 0-40M 

PAL20R8A-2C 

PLDC20G10-35C 

PAL20R8A-2M 

PLDC20G10-40M 

PAL20R8AC 

PLDC20G10-25C 

PAL20R8AM 

PLDC20G10-30M 

PAL20R8C 

PLDC20G10-35C 

PAL20R8M 

PLDC20G10-40M 

PALC22V10/A 

PALC22V10-35C 

PLE10P8C 

7C281-30C 

PLE10P8C 

7C282-30C 

PLE10P8M 

7C281-45M 

PLE10P8M 

7C282-45M 

PLE10R8C 

7C235-30C- 

PLE10R8M 

7C235-40M- 

PLE11P8C 

7C291-35C 

PLE11P8M 

7C291-35M 

PLE11RA8C 

7C245-35C- 

PLE11RA8M 

7C245-35M- 

PLE11RS8C 

7C245-35C- 

PLE11RS8M 

7C245-35M- 

PLE9R8C 

7C225-30C 

PLE9R8M 

7C225-35M 

MOSIAC 

CYPRESS 

PREFIX:MS 

PREFIX:SYM 

8128SC-100 

1420HD-85C 

8128SC-100 

1421HD-85C 

8128SC-45 

1420HD-45C 

8128SC-55 

1420HD-55C 

8128SC-70 

1420HD-70C 

8128SC-70 

1421HD-70C 

MOSTEK 

CYPRESS 

PREFIX:ET 

PREFIX:CY 

PREFIX:MK 

PREFIX:CY 

PREFIX:TS 

PREFIX:CY 

SUFFIX:N 

SUFFIX:P 

SUFFIXrP 

SUFFIX:D 

41H67-25 

7C167-25C+ 

41H67-35 

7067-35 + 

41H68-25 

7C168-25C+ 

41H68-35 

7C168-35C+ 

41H69-25 

7069-25 
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Product Line Cross Reference 



MOSTEK 

41H69-35 

41L67-25 

41L67-35 

41L67-45 

CYPRESS 

7C169-35C 

7C167-25C- 

7C167-35- 

7C167-35- 

MOTOROLA 

CYPRESS 

PREFIX:MCM 

PREFIX:CY 

SUFFIX:P 

SUFFIX: P 

SUFFIX:S 

SUFFIX:D 

SUFFIX:Z 

SUFFIX:L 

10422-10C 

10E422-7C 

1423-45 

7C168-45C+ 

2016H-45 

6116-45C 

2016H-55 

6116-55C 

2016H-70 

6116-55C 

2018-35 

7C128-35C 

2018-45 

7C128-45C 

2167H-35 

7C167-35C 

2167H-45 

7C167-45C 

2167H-55 

7C167-45C 

6147-55 

7C147-45C* 

6147-70 

7C147-45C* 

6164-45 

7C186-45C 

6164-55 

7C186-55C 

6164-70 

7C186-55C 

6168-35 

7C168-35C+ 

6168-45 

7C168-45C+ 

6168-55 

7C168-45C+ 

6168-70 

7C168-45C+ 

61L47-55 

7C147-45C* 

61L47-70 

7C147-45C* 

61L64-45 

7C186-45C 

61L64-55 

7C186-55C 

61L64-70 

7C186-55C 

6268-25 

7C168-25C 

6268-35 

7C168-35C 

6269-25 

7C169-25C 

6269-35 

7C169-35C 

6270-25 

7C170-25C 

6270-35 

7C170-35C 

6270-45 

7C170-45C 

6287-25 

7C187-25C 

6287-35 

7C187-35C 

6287-45 

7C187-45C 

6288-25C 

7C164-25C 

6288-35C 

7C164-35C 

6288-35M 

7C164-35M 

6288-45M 

7C164-45M 

6290-25C 

7C166-25C 

6290-35C 

7C166-35C 

6290-35M 

7C166-35M 

6290-45C 

7C166-45C 

6290-45M 

7C166-45M 

62L87-25 

7C187-25C 

62L87-35 

7C187-35C+ 

7681 

7C282-45C 

7681A 

7C282-45C 

93422 

93422C 

93422 

93422M 

93422A 

93422AC 

93422A 

93422AM 

93L422 

93L422C 


MOTOROLA 

93L422 

93L422A 

93L422A 

CYPRESS 

93L422M 

93L422AC 

93L422AM 

NATIONAL 

CYPRESS 

PREFIX: DM 

PREFIX:CY 

PREIFX:IDM 

PREFIX:CY 

PREFIX:NMC 

PREFIX:CY 

SUFFIX:J 

SUFFIX:D 

SUFFIX:N 

SUFFIX:P 

100422-10C 

100E422-7C 

100422-5C 

100E422-5C 

100422A-7C 

100E422-7C 

100422AC 

100E422-7C 

100474A-10C 

100E474-7C 

100474A-8C 

100E474-7C 

10422-10C 

10E422-7C 

10422-5C 

10E422-5C 

10422A-7C 

10E422-7C 

10422AC 

10E422-7C 

1047A-10C 

10E474-7C 

10474A-8C 

10E474-7C 

12L10C 

PLDC20G10-35C 

14L8C 

PLDC20G10-35C 

14L8M 

PLDC20G10-40M 

16L6C 

PLDC20G10-35C 

16L6M 

PLDC20G10-40M 

18L4C 

PLDC20G10-35C 

181AM 

PLDC20G10-40M 

20L2M 

PLDC20G10-40M 

2147H 

2147-55C 

2147H 

2147-55M 

2147H-1 

2147-35C 

2147H-2 

2147-45C 

2147H-3 

2147-55C 

2147H-3 

2147-55M 

2147H-3L 

7C147-45C 

2148H 

2148-55C 

2148H-2 

2148-45C 

2148H-3 

2148-55C 

2148H-3L 

21L48-55C 

2148HL 

21L48-55C 

2901A-1C 

7C901-31C 

2901A-1M 

7C901-32M 

2901A-2C 

7C901-31C 

2901A-2M 

7C901-32M 

2901AC 

7C901-31C 

2901AM 

7C901-32M 

2909 AC 

2909 AC 

2909AM 

2909M 

2911AC 

2911 AC 

2911AM 

291 1M 

54S189 

54S189M 

54S189A 

7C189-25M 

74S189 

74S189C 

74S189A 

27S03AC 

75S07 

7C190-25M 

75S07A 

27S07AM 

77LS181 

7C282-45M 

77S181 

7C282-45M 

77S181A 

7C282-45M 

77S191 

7C292-50M 


NATIONAL 

CYPRESS 

77S191A 

7C292-50M 

77S191B 

7C292-50M 

77S281 

7C281-45M 

77S281A 

7C281-45M 

77S291 

7C291-50M 

77S291A 

7C291-50M 

77S291B 

7C291-50M 

77S401 

7C401-10M 

77S401A 

7C401-10M 

77S402 

7C402-10M 

77S402A 

7C402-10M 

77SR181 

7C235-40M 

77SR25 

7C225-40M 

77SR25B 

7C225-40M 

77ST476 

7C225-40M- 

77SR476B 

7C225-40M- 

85S07 

27S07C 

85S07A 

27S07AC 

85S07A 

7C128-45C + 

87LS181 

7C282-45C 

87S181 

7C282-45C 

87S191 

7C292-50C 

87S191A 

7C292-35C 

87S191B 

7C292-35C 

87S281 

7C281-45C 

87S281A 

7C281-45C 

87S291 

7C291-50C 

87S291A 

7C291-35C 

87S291B 

7C291-35C 

87S401 

7C401-10C 

87S401A 

7C401-15C 

87S402 

7C402-10C 

87S402A 

7C402-15C 

87SR181 

7C235-30C 

87S625 

7C225-40C 

87SR25B 

7C225-30C 

87SR476 

7C225-40C- 

87SR476B 

7C225-30C- 

PAL10016P4-2.5 

100E302-2.5C 

PAL10016P4-4C 

100E302-4C 

PAL10016P4-6C 

100E302-6C 

PAL10016P8-3C 

100E301-3C 

PAL10016P8-4C 

100E301-4C 

PAL10016P8-6C 

100E301-6C 

PAL1016P4-2.5C 

10E302-2.5C 

PAL1016P4-4C 

10E302-4C 

PAL1016P4-6C 

10E302-6C 

PAL1016P8-3C 

10E301-3C 

PAL1016P8-4C 

10E301-4C 

PAL1016P8-6C 

10E301-6C 

PAL16L8A2C 

PALC16L8-35C 

PAL16L8A2M 

PALC16L8-40M 

PAL16L8AC 

PALC16L8-25C 

PAL16L8AM 

PALC16L8-30M 

PAL16L8B2C 

PALC16L8-25C 

PAL16L8B2M 

PALC16L8-30M 

PAL16L8B4C 

PALC16L8L-35C 

PAL16L8B4M 

PALC16L8-40M 

PAL16L8BM 

PALC16L8-20M 

PAL16L8C 

PALC16L8-35C 

PAL16L8M 

PALC16L8-40M 

PAL16R4A2C 

PALC16R4-35C 


Note: Unless otherwise noted, product meets all performance specs and is within 10 mA on Icc and 5 mA on I S b I 
+ = meets all performance specs but may not meet Icc or Isb I 
* = meets all performance specs except 2V data retention— may not meet Icc or Isb I 
- = functionally equivalent, 
f = SOIC only 

t = 32-pin LCC crosses to the 7C198M 
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CYPRESS 

SEMICONDUCTOR 


Product Line Cross Reference 


NATIONAL 

PAL164A2M 

PAL16R4AC 

PAL16R4AM 

PAL16R4B2C 

PAL16R4B2M 

PAL16R4B4C 

PAL16R4B4M 

PAL16R4BM 

PAL16R4C 

PAL16R4M 

PAL16R6A2C 

PAL16R6A2M 

PAL16R6AC 

PAL16R6AM 

PAL16R6B2C 

PAL16R6B2M 

PAL16R6B4C 

PAL16R6B4M 

PAL16R6BM 

PAL16R6C 

PAL16R6M 

PAL16R8A2C 

PAL16R8A2M 

PAL16R8AC 

PAL16R8AM 

PAL16R8B2C 

PAL16R8B2M 

PAL16R8B4C 

PAL16R8B4M 

PAL16R8BM 

PAL16R8C 

PAL16R8M 

PAL20L10B2C 

PAL20L10B2M 

PAL20L10C 

PAL20L10M 

PAL20L2C 

PAL20L8AC 

PAL20L8AM 

PAL20L8BC 

PAL20L8BM 

PAL20L8C 

PAL20L8M 

PAL20R4AC 

PAL20R4AM 

PAL20R4BC 

PAL20R4BM 

PAL20R4C 

PAL20R4M 

PAL20R6AC 

PAL20R6AM 

PAL20R6BC 

PAL20R6BM 

PAL20R6C 

PAL20R6M 

PAL20R8AC 

PAL20R8AM 

PAL20R8BC 

PAL20R8BM 

PAL20R8C 

PAL20R8M 


CYPRESS 

PALC 1 6 R4-40M 

PALC16R4-25C 

PALC16R4-30M 

PALC16R4-25C 

PALC16R4-30M 

PALC16R4I^35C 

PALC16R4-40M 

PALC16R4-20M 

PALC16R4-35C 

PALC16R4-40M 

PALC16R6-35C 

PALC16R6-40M 

PALC16R6-25C 

PALC16R6-30M 

PALC16R6-25C 

PALC16R6-30M 

PALC16R6L-35C 

PALC16R6-40M 

PALC16R6-20M 

PALC16R6-35C 

PALC16R6-40M 

PALC16R8-35C 

PALC16R8-40M 

PALC16R8-25C 

PALC16R8-30M 

PALC16R8-25C 

PALC16R8-30M 

PALC16R8L/-35C 

PALC16R8-40M 

PALC16R8-20M 

PALC16R8-35C 

PALC16R8-40M 

PLDC20G10-25C 

PLDC20G10-30M 

PLDC20G10-35C 

PLDC20G10-40M 

PLDC20G10-35C 

PLDC20G10-25C 

PLDC20G10-30M 

PLDC20G10-25C 

PLDC20G 1 0- 30M 

PLDC20G10-35C 

PLDC20G10-40M 

PLDC20G10-25C 

PLDC20G10-30M 

PLDC20G10-25C 

PLDC20G10-30M 

PLDC20G10-35C 

PLDC20G10-40M 

PLDC20G 10-25C 

PLDC20G 1 0- 30M 

PLDC20G10-25C 

PLDC20G10-30M 

PLDC20G10-35C 

PLDC20G10-40M 

PLDC20G10-25C 

PLDC20G 10- 30M 

PLDC20G10-25C 

PLDC20G 10- 30M 

PLDC20G10-35C 

PLDC20G10-40M 


NEC 

CYPRESS 

PREFIX: uPD 

PREFIX: CY 

SUFFIX:C 

SUFFIX:P 

SUFFIX: D 

SUFFIX:D 

SUFFIX:K 

SUFFIX:L 

SUFFIX:L 

SUFFIX:F 

100422-10C 

100E422-7C 

100422-7C 

100E422-7C 

100474-10C 

100E474-7C 

100474-8C 

100E474-7C 

10422-10C 

10E422-7C 

10422-7C 

10E422-7C 

10474- 10C 

10E474-7C 

10474-8C 

10E474-7C 

2147-2 

2147-55C 

2147-3 

2147-55C 

2147A-25 

7C147-25C 

2147A-35 

2147-35C 

2147A-45 

2147-45C 

2149 

2149-55C 

2149-1 

2149-45C 

2149-2 

2149-35C 

2167-2 

7C167-45C 

2167-3 

7C167-45C 

429 

7C292-50C 

429-1 

7C292-50C 

429-2 

7C292-50C 

429-3 

7C292-35C 

4311-45 

7C167-45C 

4311-55 

7C167-45C 

4361-40 

7C187-35C 

4361-45 

7C187-45C 

4361-55 

7C187-45C 

4361-70 

7C187-45C 

4362-45 

7C164-45C 

4362-55 

7C164-45C 

4362-70 

7C164-45C 

4363-45 

7C166-45C 

4363-55 

7C166-45C 

4363-70 

7C166-45C 

PERFORMANCE 

CYPRESS 

PREFIX:P 

PREFIX:CY 

4C150-12C 

7C150-12C 

4C150-15C 

7C150-15C 

4C150-15M 

7C150-15M 

4C150-20C 

7C150-15C 

4C150-20M 

7C150-15M 

4C150-25C 

7C150-25C 

4C150-25M 

7C150-25M 

4C150-35M 

7C150-35M 

4C164P-20C 

7C185-20C 

4C164DW-20C 

7C186-20C 

4C164P-25C 

7C185-25C 

4C164DW-25C 

7C186-25C 

4C164P-25M 

7C185-25M 

4C164DW-25M 

7C186-25M 

4C164P-35C 

7C185-35C 

4C164DW-35C 

7C186-35C 

4C164P-35M 

7C185-35M 

4C164DW-35M 

7C186-35M 

4C164P-45C 

7C185-45C 

4C164DW-45C 

7C186-45C 


PERFORMANCE 

CYPRESS 

4C164P-45M 

7C185-45M 

4C164DW-45M 

7C186-45M 

4C164P-55C 

7C185-55C 

4C164DW-55C 

7C186-55C 

4C164P-55M 

7C185-55M 

4C164DW-55M 

7C186-55M 

4C1681-25C 

7C171-25C 

4C1681-35C 

7C171-35C 

4C1681-35M 

7C171-35M 

4C1681-45C 

7C171-45C 

4C1681-45M 

7C171-45M 

4C1682-25C 

7C172-25C 

4C1682-35C 

7C172-35C 

4C1682-35M 

7C172-35M 

4C1682-45C 

7C172-45C 

4C1682-45M 

7C172-45M 

4C169-25C 

7C169-25C 

4C169-30C 

7C169-25C 

4C169-35C 

7C169-35C 

4C169-35M 

7C169-35M 

4C169-45M 

7C169-45M 

4C187-20C 

7C187-20C 

4C187-25C 

7C187-25C 

4C187-25M 

7C187-25M 

4C187-35M 

7C187-35M 

4C188-20C 

7C164-20C 

4C188-25C 

7C164-25C 

4C188-25M 

7C164-25M 

4C188-35C 

7C164-35C 

4C188-35M 

7C164-35M 

4C188-45M 

7C164-45M 

4C1981-20C 

7C161-20C 

4C1981-25C 

7C161-25C 

4C1981-25M 

7C161-25M 

4C1981-35C 

7C161-35C 

4C1981-35M 

7C161-35M 

4C1981-45M 

7C161-45M 

4C1981-55M 

7C161-55M 

4C1982-20C 

7C162-20C 

4C1982-25C 

7C162-25C 

4C1982-25M 

7C162-25M 

4C1982-35C 

7C162-35C 

4C1982-35M 

7C162-35M 

4C1982-45M 

7C162-45M 

4C1982-55M 

7C162-55M 

4C198-20C 

7C166-20C 

4C198-25C 

7C166-25C 

4C198-25M 

7C166-25M 

4C198-35C 

7C166-35C 

4C198-35M 

7C166-35M 

4C198-45M 

7C166-45M 

93U422-35C 

7C122-15C 

93U422-35C 

7C122-25C 

93U422-35C 

7C122-35C 

93U422-35M 

7C122-25M 

93U422-35M 

7C122-35M 

RAYTHEON 

CYPRESS 

PREFIX:R 

PREFIX:CY 

SUFFIX:B 

SUFFIX:B 

SUFFIX:D 

SUFFIX:D 

SUFFIX:F 

SUFFIX:F 


1-23 











CYPRESS 

SEMICONDUCTOR 


Product Line Cross Reference 


TI 

CYPRESS 

38R165-18C 

7C245-25C 

38R165-25C 

7C245-35C 

38R85-15C 

7C235-30C 

38S165-25C 

7C291A-25C 

38S165-35C 

7C291-35C 

38S85-30C 

7C281-30C 

54HC189 

7C189-25M 

54HCT189 

7C189-25M 

54LS189A 

27LS03M 

54LS219A 

7C190-25M+ 

54S189A 

54S189M 

7489 

7C189-25C 

74ACT29116 

7C9116AC 

74ACT29116-1 

7C9116AC 

74HC189 

7C189-25C 

74HC219 

7C190-25C 

74HCT189 

7C189-25C 

74LS189A 

27LS03C 

74LS219A 

27S07C+ 

74S189A 

74S189C 

74S189B 

7C189-25C 

HCT9510E 

7C510-75C+ 

HCT9510E-10 

7C510-75C+ 

HCT9510M 

7C510-75M + 

PAL16L8-20M 

PALC16L8-20M 

PAL16L8-25C 

PALC16L8-25C 

PAL16L8-30M 

PALC16L8-30M 

PAL16L8A-2C 

PALC16L8-35C 

PAL16L8A-2M 

PALC16L8-40M 

PAL16L8AC 

PALC16L8-25C 

PAL16L8AM 

PALC16L8-30M 

PAL16R4-20M 

PALC16R4-20M 

PAL16R4-25C 

PALC16R4-25C 

PAL16R4-30M 

PALC16R4-30M 

PAL16R4A-2C 

PALC16R4-25C 

PAL16R4A-2M 

PALC16R4-40M 

PAL16R4AC 

PALC16R4-25C 

PAL16R4AM 

PALC16R4-30M 

PAL16R6-20M 

PALC16R6-20M 

PAL16R6-25C 

PALC16R6-25C 

PAL16R6-30M 

PALC16R6-30M 

PAL16R6A-2C 

PALC16R6-25C 

PAL16R6A-2M 

PALC16R6-40M 

PAL16R6AC 

PALC16R6-25C 

PAL16R6AM 

PALC16R6-30M 

PAL16R8-20M 

PALC16R8-20M 

PAL16R8-25C 

PALC16R8-25C 

PAL16R8-30M 

PALC16R8-30M 

PAL16R8A-2C 

PALC16R8-25C 

PAL16R8A-2M 

PALC16R8-40M 

PAL16R8AC 

PALC16R8-25C 

PAL16R8AM 

PALC16R8-30M 

PAL20L10A-2C 

PLDC20G10-25C 

PAL20L10A-2M 

PLDC20G 1 0- 30M 

PAL20L10AC 

PLDC20G 1 0- 35C 

PAL20L10AM 

PLDC20G 1 0- 30M 

PAL20L8A-2C 

PLDC20G10-25C 

PAL20L8A-2M 

PLDC20G 1 0- 30M 

PAL20L8AC 

PLDC20G10-25C 

PAL20L8AM 

PLDC20G 1 0- 30M 

PAL20R4A-2C 

PLDC20G10-25C 

PAL20R4A-2M 

PLDC20G 1 0- 30M 


SIGNETICS 

CYPRESS 

N82S181B 

7C282-45C 

N82S191A-3 

7C291-50C 

N82S191A-6 

7C292-50C 

N82S191B-3 

7C291-35C 

N82S191B-6 

7C292-35C 

N82S191-3 

7C291-50C 

N82S191-6 

7C292-50C 

SS4S189 

54S189M 

S82HS641 

7C264-55M 

S82LS181 

7C282-45M 

S82S181 

7C282-45M 

S82S181A 

7C282-45M 

S82S191A-3 

7C291-50M 

S82S191A-6 

7C292-50M 

S82S191B-3 

7C291-50M 

S82S191B-6 

7C292-50M 

S82S191-3 

7C291-50M 

S82S191-6 

7C292-50M 

TI 

CYPRESS 

PREFIX:JBP 

PREFIX:CY 

PREFIX:PAL 

SUFFIX-.P 

PREFIX:SN 

PREFIXiCY 

PREFIX:TBP 

PREFIX:CY 

PREFIX:TIB 

PREFIXiCY 

PREFIX:TMS 

PREFIX:CY 

SUFFIX:F 

SUFFIX:F 

SUFFIXJ 

SUFFIX:L 

SUFFIX:N 

SUFFIX:D 

10016P8-3C 

100E301-3C 

10016P8-4C 

100E301-4C 

10016P8-6C 

100E301-6C 

10H16P8-3C 

10E301-3C 

10H16P8-4C 

10E301-4C 

10H16P8-6C 

10E301-6C 

22V 10 AC 

PALC22V10-25C 

22V10AM 

PALC22V10-30M 

27C291-3 

7C291L-35C + 

27C291-30 

7C291U-35C+ 

27C291-5 

7C291L-50C + 

27C291-50 

7C291L-50C+ 

27C292-3 

7C292L-35C+ 

27C292-35 

7C292U-35C+ 

27C292-5 

7C292L-50C+ 

27C292-50 

7C292L-50C+ 

28L166W 

7C292-50C 

28L86AMW 

7C282-45M 

28L86AW 

7C282-45C 

28S166W 

7C292-50C 

28S86AMW 

7C282-45M 

28S86AW 

7C282-45C 

320C601-25 

7C601-25 

320C601-33 

7C601-33 

320C602-25 

7C602-25 

320C602-33 

7C602-33 

320C604-25 

7C604-25 

320C604-33 

7C604-33 

38L165-35C 

7C291-35C 

38L165-45C 

7C291-35C 

38L166-35 

7C292-35C 

38L166-45 

7C292-35C 

38L85-45C 

7C281-45C 


PERFORMANCE 

CYPRESS 

SUFFIX:L 

SUFFIX: L 

SUFFIX:S 

SUFFIX:S 

296 31 AC 

7C282-45C 

29631AM 

7C282-45M 

29631ASC 

7C281-45C 

296 31 ASM 

7C281-45M 

29631C 

7C282-45C 

29631M 

7C282-45M 

29631SC 

7C281-45C 

29631SM 

7C281-45M 

296 3 3 AC 

7C282-45C + 

29633AM 

7C282-45M + 

29633ASC 

7C281-45C+ 

29633ASM 

7C281-45M + 

29633C 

7C282-45C+ 

29633M 

7C282-45M + 

29633SC 

7C281-45C+ 

29633SM 

7C281-45M + 

29681 AC 

7C292-50C 

29681AM 

7C292-50M 

29681ASC 

7C291-50C 

29681ASM 

7C291-50M 

29681C 

7C292-50C 

29681M 

7C292-50M 

2968 ISC 

7C291-50C 

2968 ISM 

7C291-50M 

29683AC 

7C292-50C+ 

29683AM 

7C292-50M+ 

29683ASC 

7C291-50C+ 

29683ASM 

7C291-50M + 

29683C 

7C292-50C+ 

29683M 

7C292-50M+ 

29683SC 

7C291-50C+ 

29683SM 

7C291-50M+ 

29VP864DB 

7C264-55M 

29VP864SB 

7C263-55M 

29VS864SB 

7C261-55M 

39VP864D 

7C264-55C 

39VP864S 

7C263-55C 

39VS864S 

7C261-55C 

SIGNETICS 

CYPRESS 

PREFIX:N 

PREFIX:CY 

PREFIX:S 

PREFIX:CY 

SUFFIX:883B 

SUFFIX:B 

SUFFIX:F 

SUFFIX:D 

SUFFIX:G 

SUFFIX: L 

SUFFIX:N 

SUFFIX:P 

SUFFIX:R 

SUFFIX:F 

100422BC 

100E422-7C 

100422CC 

100E422-7C 

100474AC 

100E474-7C 

10422BC 

10E422-7C 

10422CC 

10E422-7C 

10474AC 

10474-7C 

N74S189 

74S189C 

N82HS641 

7C264-55C 

N82HS641A 

7C264-45C 

N82HS641B 

7C264-35C 

N82LS181 

7C282-45C 

N82S181 

7C282-45C 

N82S181A 

7C282-45C 


Note: Unless otherwise noted, product meets all performance specs and is within 10 mA on Ice and 5 mA on I S b ; 
+ = meets all performance specs but may not meet Ice or Isb ; 

* = meets all performance specs except 2V data retention— may not meet Icc or Isb I 
- = functionally equivalent, 
t = SOIC only 

t = 32-pin LCC crosses to the 7C198M 
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Product Line Cross Reference 



WSI 

CYPRESS 

57C191-70 

7C292-50C 

57C191-70M 

7C292-50M 

57C291B-35 

7C291-35C 

57C291B-35M 

7C291-35M 

57C291B-45 

7C291-35C 

57C291B-45M 

7C291-35M 

57C291-45 

7C291-35C 

57C291-45M 

7C291-35M 

57C291-55 

7C291-50C 

57C291-55M 

7C291-50M 

57C291-70 

7C291-50C 

57C291-70M 

7C291-50M 

57C45-20 

7C245A-15C 

57C45-25 

7C245A-25C 

57C45-25M 

7C245A-25M 

57C45-35 

7C245A-35C 

57C45-35M 

7C245A-35M 

57C49B-35 

7C264-30C 

57C49B-35T 

7C261-30C 

57C49B-45 

7C264-40C 

57C49B-45T 

7C261-40C 

57C49B-55 

7C264-45C 

57C49B-55T 

7C261-45C 

57C49B-55TM 

7C261-45M 

57C49B-55TM 

7C264-45M 

57C291-55 

7C291-50C 

57C291-55 

7C291-50C 

57C49-55 

7C264-55C+ 

57C49-55M 

7C264-55M 

57C49-70 

7C264-55C + 

57C49-70M 

7C264-55M 

57C49-90 

7C264-55C+ 

57C49-90M 

7C264-55M 

59016C 

7C9101-40C 

59016C 

7C9101-45M 

5901C 

2901CC+ 

5901M 

2901CM + 

5910AC 

7C910-40C 

5910AM 

7C910-46M 

59516 

7C516-45C 

59517 

7C517-45C 

WEITEK 

CYPRESS 

1010AC 

7C510-75C 

1010AM 

7C510-75M 

1010BC 

7C510-75C 

1010BM 

7C510-75M 

1010C 

7C510-75C 

1010M 

7C510-75M 

15 16 AC 

7C516-75C 

1516AM 

7C516-75M 

1516BC 

7C516-55C 

1516BM 

7C516-75M 

1516C 

7C516-75C 

1516M 

7C516-75M 

20 10 AC 

7C510-55C 

2010AM 

7C510-75M 

2010BC 

7C510-45C 

201 OBM 

7C510-55M 

20 IOC 

7C510-75C 

201 ODC 

7C510-55C 

201 ODM 

7C510-75M 


VTI 

CYPRESS 

2008-25 

7C128-25C+ 

2008-35 

7C128-35C+ 

2009-25 

7C128-25C 

2009-35 

7C128-35C 

20C68-25 

7C168-25C+ 

20C68-35 

7C168-35C+ 

20C69-25 

7C169-25C 

20C69-35 

7069- 35C 

20C69-45 

7C169-45C 

20C78-25 

7C170-25C + 

20C78-35 

7C170-35C + 

20C78-45 

7C170-45C+ 

20C79-25 

7C170-25C 

20C79-35 

7C170-35C 

20C79-45 

7C170-45C 

20C98-35 

7C185-35C+ 

20C98-45 

7C185-45C+ 

20C99-35 

7C185-35C 

20C99-45 

7C185-45C 

2130-10C 

7C130-55C 

2130-12C 

7C130-55C 

2130-15C 

7C130-55C 

7132-55 

7C132-55C 

7132-70 

7C132-55C 

7132A-35 

7C132-35C 

7132A-45 

7C132-45C 

7142-55 

7C142-55C 

7142-70 

7C142-55C 

7142A-35 

7C142-35C 

7142A-45 

7C142-45C 

7022-15 

7C122-15C 

7022-25 

7C122-25C 

7022-35 

7C122-35C 

VL2010-65 

7C510-65C 

VL2010-70 

7C510-65C 

VL2010-90 

7C510-75C 

VT64KS4-35 

7C164-35C 

VT64KS4-45 

7C164-45C 

VT64KS4-55 

7C164-45C 

VT65KS4-35 

7C166-35C 

VT65KS4-45 

7C166-45C 

VT65KS4-55 

7C166-45C 

WSI 

CYPRESS 

PREFIX: WS 

PREFIX:CY 

SUFFIX:C 

PREFIX:CY 

SUFFIX: D 

PREFIX:CY 

SUFFIX:M 

SUFFIX:P 

SUFFIX:P 

PREFIX:CY 

29C01C 

7C901-31C 

57C128F-70 

7C251-55C 

57C128F-70M 

7C251-55M + 

57C128F-90 

7C251-55C 

57C128F-90M 

7C251-55M + 

57C191B-35 

7C292-35C 

57C191B-35M 

7C292-35M 

57C191B-45 

7C292-35C 

57C191B-45M 

7C292-35M 

57091-45 

7C292-35C 

57C191-45M 

7C292-35M 

57091-55 

7C292-50C 

57C191-55M 

7C292-50M 


TI 

CYPRESS 

PAL20R4AC 

PLDC20G10-25C 

PAL20R4AM 

PLDC20G10-30M 

PAL20R6A-2C 

PLDC20G10-25C 

PAL20R6A-2M 

PLDC20G 1 0- 30M 

PAL20R6AC 

PLDC20G10-25C 

PAL20R6AM 

PLDC20G 1 0- 30M 

PAL20R8A-2C 

PLDC20G10-25C 

PAL20R8A-2M 

PLDC20G10-30M 

PAL20R8AC 

PLDC20G10-25C 

PAL20R8AM 

PLDC20G 1 0- 30M 

TOSHIBA 

CYPRESS 

PREFIX: P 

SUFFIX:P 

PREFIX:TMM 

PREFIX:CY 

SUFFIX:D 

SUFFIX: D 

2015A-10 

7C128-55C+ 

2015A-12 

7028-5 5C + 

2015A-15 

7C128-55C+ 

2015A-90 

7C128-55C + 

2018-25 

7C128-25C 

2018-35 

7C128-35C 

2018-45 

7C128-45C 

2018-55 

7C128-55C + 

2068-25 

7C168-25C 

2068-35 

7C168-35C 

2068-45 

7C168-45C 

2068-55 

7C168-45C 

2069-35 

7C169-35C 

2078-35 

7C170-35C 

2078-45 

7C170-45C 

2078-55 

7C170-45C 

2088-35 

7C186-35C 

2088-45 

7C186-45C 

2088-55 

7C186-55C 

315 

2147-55C 

315-1 

2147-55C 

55416-35 

7C164-35C 

55416-45 

7C164-45C 

55417-25 

7C166-25C 

55417-35 

7C166-35C 

55417-45 

7C166-45C 

5561-45 

7C187-45C+ 

5561-55 

7C187-45C + 

5561-70 

7C187-45C + 

5562-35 

7C187-35C 

5562-45 

7C187-45C 

5562-55 

7C187-45C 

TRW 

CYPRESS 

MPY016HA 

7C516-75M 

MPY016HC 

7C516-75C 

MPY016KA 

7C516-75M 

MPY016KC 

7C516-75C 

TDC1010A 

7C510-75M 

TDC1010C 

7C510-75C 

TMC2010A 

7C510-75M+ 

TMC2010C 

7C510-75C+ 

TMC2110A 

7C510-75M 

TMC2110C 

7C510-75C 

TMC216HA 

7C516-75M 

TMC216HC 

7C516-75C + 


1-25 













CYPRESS 

SEMICONDUCTOR 


Product Line Cross Reference 


WEITEK 

CYPRESS 

2010M 

7C510-75M+ 

25 16 AC 

7C516-55C 

2516AM 

7C516-75M 

2516C 

7C516-75C 

2516DC 

7C516-45C 

2516DM 

7C516-55M 

2516M 

7C516-75M + 

25 17 AC 

7C517-55C 

2517AM 

7C517-75M 

2517C 

7C517-75C 

2517M 

7C517-75M+ 


Note: Unless 
+ = 


t = 
t = 


otherwise noted, product meets all performance specs and is within 10 mA on Ice and 5 mA on Isb ; 

meets all performance specs but may not meet Ice or Isb ! 

meets all performance specs except 2V data retention— may not meet Ice or Isb ; 

functionally equivalent. 

SOIC only 

32-pin LCC crosses to the 7C198M 1-26 
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Static RAMs (Random Access Memory) Page Number 

Device Number Description 

CY2147 4096 x 1 Static R/W RAM 2-1 

CY2148 1024 x 4 Static R/W RAM 2-6 

CY21L48 1024 x 4 Static R/W RAM, Low Power 2-6 

CY2149 1024 x 4 Static R/W RAM 2-6 

CY21L49 1024 x 4 Static R/W RAM, Low Power 2-6 

CY6116 2048 x 8 Static R/W RAM 2-12 

CY6117 2048 x 8 Static R/W RAM 2-12 

CY6116A 2048 x 8 Static R/W RAM 2-19 

CY7C122 256 x 4 Static R/W RAM Separate I/O 2-26 

CY7C123 256 x 4 Static R/W RAM Separate I/O 2-33 

CY7C128 2048 x 8 Static R/W RAM 2-39 

CY7C128A 2048 x 8 Static R/W RAM 2-46 

CY7C130 1024 x 8 Dual-Port Static RAM 2-54 

CY7C131 1024 x 8 Dual-Port Static RAM 2-54 

CY7C140 1024 x 8 Dual-Port Static RAM 2-54 

CY7C141 1024 x 8 Dual-Port Static RAM 2-54 

CY7C132 2048 x 8 Dual-Port Static RAM 2-66 

CY7C136 2048 x 8 Dual-Port Static RAM 2-66 

CY7C142 2048 x 8 Dual-Port Static RAM 2-66 

CY7C146 2048 x 8 Dual-Port Static RAM 2-66 

CY7C147 4096 x 1 Static RAM 2-78 

CY7C148 1024 x 4 Static RAM 2-85 

CY7C149 1024 x 4 Static RAM 2-85 

CY7C150 1024 x 4 Static R/W RAM 2-92 

CY7C157 1024 x 4 Static R/W RAM 2-100 

CY7B160 Expandable 16,384 x 4 Static RAM 2-106 

CY7B161 16,384 x 4 Static RAM Separate I/O 2-111 

CY7B162 16,384 x 4 Static RAM Separate I/O 2-111 

CY7C161 16,384 x 4 Static R/W RAM Separate I/O 2-116 

CY7C162 16,384 x 4 Static R/W RAM Separate I/O 2-116 

CY7C161A 16,384 x 4 Static R/W RAM Separate I/O 2-123 

CY7C162A 16,384 x 4 Static R/W RAM Separate I/O 2-123 

CY7B164 16,384 x 4 Static R/W RAM 2-131 

CY7B166 16,384 x 4 Static R/W RAM 2-131 

CY7C164 16,384 x 4 Static R/W RAM 2-137 

CY7C166 16,384 x 4 Static R/W RAM with Output Enable 2-137 

CY7C164A 16,384 x 4 Static R/W RAM 2-144 

CY7C166A 16,384 x 4 Static R/W RAM with Output Enable 2-144 

CY7C167 16,384 x 1 Static R/W RAM 2-153 

CY7C167A 16,384 x 1 Static RAM 2-160 

CY7C168 4096 x 4 Static RAM 2-167 

CY7C169 4096 x 4 Static RAM 2-167 

CY7C168A 4096 x 4 R/W RAM 2-174 

CY7C169A 4096 x 4 R/W RAM 2-174 

CY7C170 4096 x 4 Static R/W RAM with Output Enable 2-183 

CY7C170A 4096 x 4 Static R/W RAM 2-188 

CY7C171 4096 x 4 Static R/W RAM Separate I/O 2-194 

CY7C172 4096 x 4 Static R/W RAM Separate I/O 2-194 

CY7C171A 4096 x 4 Static R/W RAM Separate I/O 2-200 

CY7C172A 4096 x 4 Static R/W RAM Separate I/O 2-200 

CY7C182 8,192 x 9 Static R/W RAM 2-208 
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Static RAMs (Random Access Memory) (continued) Page Number 

Device Number Description 

CY7C183 2 x 4096 x 16 Cache RAM 2-213 

CY7C184 2 x 4096 x 16 Cache RAM 2-213 

CY7B185 8,192 x 8 Static RAM 2-221 

CY7B186 8,192 x 8 Static RAM 2-221 

CY7C185 8,192 x 8 Static RAV RAM 2-226 

CY7C186 8,192 x 8 Static R/W RAM 2-226 

CY7C185A 8,192 x 8 Static R/W RAM 2-233 

CY7C186A 8,192 x 8 Static R/W RAM 2-233 

CY7C187 65,536 x 1 Static R/W RAM 2-241 

CY7C187A 65,536 x 1 Static R/W RAM 2-248 

CY7C189 16 x 4 Static R/W RAM 2-257 

CY7C190 16 x 4 Static R/W RAM 2-257 

CY7C191 65,536 x 4 Static R/W RAM Separate I/O 2-264 

CY7C192 65,536 x 4 Static R/W RAM Separate I/O 2-264 

CY7C194 65,536 x 4 Static R/W RAM 2-271 

CY7C196 65,536 x 4 Static R/W RAM with Output Enable 2-271 

CY7C197 262,144 x 1 Static R/W RAM 2-279 

CY7C198 32,768 x 8 Static R/W RAM 2-286 

CY7C199 32,768 x 8 Static R/W RAM 2-286 

CY74S 189 16 x 4 Static R/W RAM 2-294 

CY27LS03 16 x 4 Static R/W RAM 2-294 

CY27S03 16 x 4 Static R/W RAM 2-294 

CY27S07 16 x 4 Static R/W RAM 2-294 

CY93422A 256 x 4 Static R/W RAM 2-300 

CY93L422A 256 x 4 Static R/W RAM 2-300 

CY93422 256 x 4 Static R/W RAM 2-300 

CY93L422 256 x 4 Static R/W RAM 2-300 

CYM1220 64K x 4 Static RAM Module 2-306 

CYM1240 256K x 4 Static RAM Module 2-311 

CYM1400 32K x 8 Static RAM Module 2-316 

CYM1420 128K x 8 Static RAM Module 2-321 

CYM1421 128K x 8 Static RAM Module 2-326 

CYM1422 128K x 8 Static RAM Module 2-332 

CYM1423 128K x 8 Static RAM Module 2-333 

CYM1441 256K x 8 Static RAM Module 2-338 

CYM1460 512K x 8 Static RAM Module 2-339 

CYM1461 512K x 8 Static RAM Module 2-340 

CYM1464 512K x 8 Static RAM Module 2-341 

CYM1540 256K x 9 Buffered Static RAM Module with Separate I/O 2-346 

CYM1610 16K x 16 Static RAM Module 2-347 

CYM1611 16K x 16 Static RAM Module 2-353 

CYM1620 64K x 16 Static RAM Module 2-354 

CYM1621 64K x 16 Static RAM Module 2-359 

CYM1622 64K x 16 Static RAM Module 2-360 

CYM1623 64K x 16 Static RAM Module 2-361 

CYM1624 64K x 16 Static RAM Module 2-367 

CYM1641 256K x 16 Static RAM Module 2-368 

CYM1720 32K x 24 Static RAM Module 2-369 

CYM1821 16K x 32 Static RAM Module 2-370 

CYM1822 16K x 32 Static RAM Module with Separate I/O 2-371 

CYM1830 64K x 32 Static RAM Module 2-372 
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Page Number 


Device Number Description 

CYM1831 64K x 32 Static RAM Module 2-373 

CYM1832 64K x 32 Static RAM Module 2-374 

CYM1841 256K x 32 Static RAM Module 2-375 

CYM1910 16K x 68 Static RAM Module 2-376 

CYM1911 16K x 68 Static RAM Module 2-377 




CY2147 



CYPRESS 


— SEMICONDUCTOR 


4096 x 1 Static R/W RAM 


Features 

• Automatic power-down when dese- 
lected 

• CMOS for optimum speed/power 

• High speed 

— 35 ns 

• Low active power 

— 690 mW (commercial) 

— 770 mVV (military) 

• Low standby power 

— 140 mW 

• TTL-compatible imputs and outputs 

• Capable of withstanding greater than 
2001V electrostatic discharge 


Functional Description 

The CY2147 is a high-performance CMOS 
static RAM organized as 4096 by 1 bit. Easy 
memory expansion is provided by an active 
LOW chip enable (CE) and three-state 
drivers. The CY2147 has an automatic 
power-down feature, reducing the power 
consumption by 80% when deselected. 

Writing to the device is accomplished when 
the c hip enable (CE) and write enable 
(WE) inputs are both LOW. Data on the in- 
put pin (DI) is written into the memory lo- 
cation specified on the address pins (Ao 
through Au). 


Reading the device is accomplished by taking 
the c hip e nable (CE) LOW while write en- 
able (WE) remains HIGH. Under these con- 
ditions the contents of the memory location 
specified on the address pins will appear on 
the data output (DO) pin. 

The output pin sta ys in high-impedance state 
when chip enable (CE) is HIGH or write en- 
able (WE) is LOW. 



Logic Block Diagram 


Pin Configuration 



DI 


DO 

CE 

We 


A4 A5 As Ag A 10 An 


2147-1 


DIP 

Tup View 


A C 

1 ^ 

18 

3 v cc 

A, £ 

2 

17 

3 * 

a 2 l 

3 

16 

1 

Aa C 

4 

15 

^ Ae 

* c 

5 CY2147 

14 

3 * 

As £ 

6 

13 

] A10 

DO [- 

7 

12 

] An 

WE Q 

8 

11 

3 DI 

GND £ 

9 

10 

3 ® 


2147-2 


Selection Guide (For higher performance and lower power, refer to CY7C147 data sheet.) 



2147-35 

2147-45 

2147-55 

Maximum Access Time (ns) 

35 

45 

55 

Maximum Operating 

Current (mA) 

Commerical 

125 

125 

125 

Military 


140 

140 

Maximum Standby 

Current (mA) 

Commerical 

25 

25 

25 

Military 


25 

25 
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CY2147 


Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 



Storage Temperature -65°Cto + 150°C 

Ambient Temperature with 

Power Applied -55°Cto + 125°C 

Supply Voltage to Ground Potential - 0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State - 0.5V to + 7.0V 

DC Input Voltage - 3.0V to + 7.0V 

Output Current into Outputs (Low) 20 mA 


Static Discharge Voltage > 2001V 

(per MIL-STD-883, Method 3015) 

Latch-Up Current >200 mA 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70 °C 

5V ± 10% 

Military 111 

- 55 °C to + 125 °C 

5V ± 10% 


Electrical Characteristics Over the Operating Range 12 ’ 


Parameters 

Description 

Test Conditions 

2147 

Units 

Min. 

Max. 

V OH 

Output HIGH Voltage 

V C c = Min., Ioh - - 4.0 mA 

2.4 


mm 

V OL 

Output LOW Voltage 

Vcc = Min., Iol = 12-0 mA 


0.4 

mm 

V, H 

Input HIGH Voltage 


2.0 

Vcc 

KB 

V IL 

Input LOW Voltage 


KOI 

0.8 


Iix 

Input Load Current 

GND <.V, <.V CC 

-10 

+ 10 

PA 

loz 

Output Leakage Current 

GND <_ V 0 <L V cc , 

Output Disabled 

-50 

+ 50 

jiA 

los 

Output Short 

Circuit Current 131 

Vcc = Max., Vqut — GND 


-350 

mA 

Icc 

V cc Operating Supply Current 


Com’l 


125 

mA 

Mil 


140 

Isb 

Automatic CE 

Power-Down Current 141 

Max. V cc ,CE >:V, H 

CornT 


25 

mA 

Mil 


25 


Capacitance ’ 51 


Parameters 

Description 

Test Conditions 

Max. 

Units 

C|N 

Input Capacitance 

T a = 25 °C, f = 1 MHz, 

V cc « 5.0V 

5 

pF 

CoUT 

Output Capacitance 

6 

pF 


Notes: 

1. Ta is the “instant on” case temperature. 

2. See the last page of this specification for Group A subgroup testing 
information. 

3. Duration of the short circuit should not exceed 30 seconds. 

these parameters. 


4. A pull-up resistor to Vcc on the CE input is required to keep the de- 
vice deselected during Vcc power-up, otherwise Isb will exceed values 
given. 

5. Tested initially and after any design or process changes that may affect 


AC Test Loads and Waveforms 


R1 329.0, 


5V o 

OUTPUT 0 » • 

30 pF = = 

INCLUDING 
JIG AND _ 
SCOPE ~ 


R2 

202 xi 


5 V O- 

OUTPUT°- 


R1 329X1 


5pF T 


R2 

202X1 


INCLUDING 

jig and -Sr 

SCOPE 


(a) 

Equivalent to: THEVENIN EQUIVALENT 

125X1 


(b) 


OUTPUT O- 


-O 1.90V 


2147-3 


ALL INPUT PULSES 
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CY2147 



Switching Characteristics Over the Operating Range 12,61 


2147-35 2147-45 2147-55 

Parameters Description Min. Max. Min. Max. Min. Max. Units 

READ CYCLE 



Notes: 

6. Test conditions assume signal transition time of 5 ns or less, timing ref- 
erence levels of 1.5V, input pulse levels of 0 to 3.0V, and output load- 
ing of the specified Iol^oh ancl 30-pF load capacitance. 

7. At any given temperature and voltage condition, tnz is less than tLz 
for all devices. 

8- tnzcE ancl htzwE are specified with Cl = 5 pF as in part (b) of AC 
Test Loads. Transition is measured ± 500 mV from steady state volt- 
age. 

9. The inter nal w rite time of the memory is defined by the overlap of CE 
LOW and WE LOW. Both signals must be LOW to initiate a write and 


either signal can terminate a write by going HIGH. The data input set- 
up and hold timing should be referenced to the rising edge of the signal 
that terminates the write. 

10. WE is HIGH for read cycle. 

11. Device is continuously selected, CE = Vjl. 

12. Address valid prior to or coincident with CE transition low. 

1 3. If CE goes HIGH simultaneously with WE HIGH, the output remains 
in a high-impedance state. 


Switching Waveforms 

Read Cycle No. I 110,111 



2147-5 


2-3 
























































































































HIGH 

IMPEDANCE 












CY2147 


USSrJr CYPRESS 

r SEMKXMXJCTOR 

Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

35 

CY7C147-35PC 

P3 

Commercial 

CY7C147-35DC 

D4 

45 

CY7C147-45PC 

P3 

Commercial 

CY7C147-45DC 

D4 

C Y7C 147-45DMB 

D4 

Military 

55 

CY7C147-55PC 

P3 

Commercial 

CY7C147-55DC 

D4 

CY7C147-55DMB 

D4 

Military 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 


Parameters 

Subgroups 

V OH 

1,2,3 

V OL 

1,2,3 

V, H 

1, 2,3 

V IL Max. 

1, 2,3 

I.x 

1,2,3 

loz 

1,2,3 

Icc 

1, 2,3 

IsBl 

1,2,3 


Switching Characteristics 


Parameters 

Subgroups 

READ CYCLE 

Irc 

7, 8, 9, 10, 11 

Iaa 

7, 8, 9, 10, 11 

toHA 

7, 8, 9, 10, 11 

tACE 

7, 8, 9, 10, 11 

WRITE CYCLE 

twc 

7, 8, 9, 10, 11 

tsCE 

7, 8, 9, 10, 11 

tAW 

7, 8, 9, 10, 11 

tHA 

7, 8, 9, 10, 11 

tsA 

7, 8, 9, 10, 11 

tpWE 

7, 8, 9, 10, 11 

tsD 

7, 8, 9, 10, 11 

Ihd 

7, 8, 9, 10, 11 


Document #: 38-00023-B 



















































CYPRESS 
SEMICONDUCTOR 


CY2148/CY21L48 

CY2149/CY21L49 


1,024 x 4 Static R/W RAM 


Features 

• Automated power-down when dese- 
lected (2148) 

• CMOS for optimum speed/power 

• Low power 

— 660 mW (commercial) 

— 770 mW (military) 

• 5-volt power supply ± 10% tolerance 
both commercial and military 

• TTL-compatible inputs and outputs 


Functional Description 

The CY2148 and CY2149 are high-perfor- 
mance CMOS static RAMs organized as 
1024 by 4 bits. Easy memory expansion is 
prov ided by an active LOW chip select 
(CS) input and three-state outputs. The 
CY2148 and CY2149 are identical except 
t hat the CY2148 includes an automatic 
(CS) power-down feature. The CY2148 re- 
mains in a low-power mode as lon g as the 
device remains deselected, i.e., (CS) is 
HIGH, thus reducing the average power 
requirements of the device. The chip select 
(CS) of the CY2149 does not affect the 
power dissipation of the device. 

An active LOW write enable signal (WE) 
controls the writing/reading operation of 
the memory. When the chip select (CS) 


and write enable (WE) inputs are both 
LOW, data on the four data input/output 
pins (I/Oo through I/O 3 ) is written into the 
memory location addressed by the address 
present on the address pins (Ao through 
A 9 ). 

Reading the device is accomplished by se- 
lecting the device, (CS) active LOW, while 
(WE) remains inactive or HIGH. Under 
these conditions, the contents of the loca- 
tion addressed by the information on ad- 
dress pins (Ao through A 9 ) is present on 
the four data input/output pins (I/Oo 
through I/O 3 ). 

The input/output pins (I/O 0 through I/O 3 ) 
remain in a high-impedance state u nless 
the chip is selected and write enable (WE) 
is HIGH. 


Logic Block Diagram 



l/O 0 I/O, l/0 2 l/0 3 


Pin Configuration 


DIP 

Top View 


A eC 
A 5 C 
A4 C 
a 3 C 

AoC 

AiC 

A 2 C 

CSC 

GNDC 

VSS 


18 

2148 15 
21L48 14 

2149 
21L49 13 

12 

11 

10 


18 3 
17 3 

3 


Vcc 

A/ 

A 8 

A 9 

l/O 0 

I/O, 

l/0 2 

I/O 3 

We 


2148-2 


Selection Guide (For higher performance and lower power refer to the CY7C148/9 data sheet) 



2148- 35 

2149- 35 

21L48-35 

21L49-35 

2148- 45 

2149- 45 

21L48-45 

21L49-45 

2148- 55 

2149- 55 

21L48-55 

21L49-55 

Maximum Access Time (ns) 

35 

35 

45 

45 

55 

55 

Maximum Operating 

Current (mA) 

Commercial 

140 

120 

140 

120 

140 

120 

Military 



140 


140 
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Maximum Rating 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


CY2148/CY21L48 

CY2149/CY21L49 


Storage Temperature - 65 °C to + 150 °C 

Ambient Temperature with 

Power Applied - 55 °C to + 125 °C 

Supply Voltage to Ground Potential 

(Pin 18 to Pin 9) - 0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State - 0.5V to + 7.0V 

DC Input Voltage - 3.0V to + 7.0V 

Electrical Characteristics Over the Operating Range 121 


Output Current into Outputs (Low) 20 mA 

Operating Range 


Range 

Commercial 

Military 111 


Ambient 

Temperature 

0°C to + 70 °C 

- 55 °C to + 125 °C 


Vcc 

5V ± 10% 
5V ± 10% 



Description Test Conditions 


Output HIGH Current Vcc = Min., Iqh = -0.4 mA 


cc = Min., Iql = 8.0 mA 


Output LOW Current 


Input HIGH Voltage 


Input LOW Voltage 


Input Load Current 


Output Leakage 
Current 



Vcc Operating 
Supply Current 


Peak Power-On 
Current 131 


Output Short 
Circuit Current 141 


V SS <.V, <.V CC 


GND <_ Vo^Vqh, 
Output Disabled 


Max. V cc , CS <, V IL 
Output Open 


Max. Vcc, CS <. V, L 
(2148 only) 


Max. Vcc, CS <L V IL 
(2148 only) 


GND <_ V 0 <. V cc 



2148 

21L48 

2149 

21L49 

Min. 

Max. 

Min. 


2.4 


2.4 



0.4 


0.4 

2.0 

6.0 

2.0 

6.0 

-3.0 

0.8 

-3.0 

0.8 

- 10 

+ 10 

- 10 

+ 10 

-50 

+ 50 

-50 

+ 50 


140 


120 

■ 

140 




30 


20 


30 



■ 

50 


30 

■ 

50 



BHH 

±275 


±275 


±350 






Capacitance 151 


Parameters 



Description 


Input Capacitance 


Output Capacitance 



Test Conditions 


Hz 


Notes: 

1. Ta is the “instant on” case temperature. 4. For test purposes, not more than 1 output at a time should be shorted. 

2. See the last page of this specification for Group A subgroup testing Short circuit test duration should not exceed 30 seconds, 

information. 5. Tested initially and after any design or process changes that may affect 

3. A pull-up resistor to V C c on the CS input is required to keep the de- these parameters, 

vice deselected during Vcc power up. Otherwise, current will exceed 

values give (CY2148 only). 

AC Test Loads and Waveforms 


R1 481X1. R1 481X1 



Equivalent to: THEVENIN EQUIVALENT 

167X3, 

OUTPUT O W , -O 1.73V 
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FJ? CYPRESS 
P SEMICONDUCTOR 


CY2148/CY21L48 

CY2149/CY21L49 


Switching Characteristics Over the Operating Ranged 


Parameters 


READ CYCLE 


Description 


Irc 

Address Valid to Address Do Not 

Care Time (Read Cycle Time) 

tAA 

Address Valid to Data Out 

Valid Delay (Address Access Time) 

tACSl^ 6 ' 

Chip Select LOW to Data Out Valid 

tACS2^ ?1 

i Z140 oniy; 


tACS 

Chip Select LOW to Data Out Valid 
(CY2149 only) 

Lz' 8 ' 

Chip Select LOW to 

Data Out Valid 

2148 


2149 

blZ* 8 ' 

Chp Select HIGH to Data Out Off 

toH 

Address Unknown to Data Out 

Unknown Time 

tpD 

Chip Select HIGH to 
Power-Down Delay 

2148 

tpu 

Chip Select LOW to 

Power-Up Delay 

2149 


WRITE CYCLE 


twc 

Address Valid to Address Do Not 

Care (Write Cycle Time) 

twp (9] 

Write Enable LOW to 

Write Enable HIGH 

twR 

Address Hold from Write End 

twz* 8 * 

Write Enable LOW to 

Output in High Z 

tDW 

Data-In Valid to Write Enable HIGH 

tDH 

Data Hold Time 

Us 

Address Valid to 

Write Enable LOW 

tew* 9 ' 

Chip Select LOW to 

Write Enable HIGH 

tow* 8 ' 

Write Enable HIGH to 

Output in Low Z 

tAW 

Address Valid to End of Write 



6. Chip deselected greater than 55 ns prior to selection. 

7. Chip deselected less than 55 ns prior to selection. 

8. At any given temperature and voltage condition, tnz is less than t L z 
for all devices. Transition is measured ± 500 mV from steady state 
voltage with specified loading in part (b) of AC Test Loads. 


The inter nal w rite time of the memory is defined by the overlap of CS 
LOW and WE LOW. Both signals must be LOW to initiate a write and 
either signal can terminate a write by going HIGH. The data input set- 
up and hold timing should be referenced to the rising edge of the signal 
that terminates the write. 
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CY2148/CY21L48 

CY2149/CY21L49 


SEMICONDUCTCR 
Switching Waveforms 
Read Cycle No. I 110, 111 



m t R0 ► 


ADDRESS ^ 

< > 

< 


* w ■ 

h IqHA *] 


1 


DATA OUT PREVIOUS DATA VALID ^ 

(XX) 

( DATA VALID 


2148-5 


Read Cycle No. 2 [10, 121 




Not es: 

10. WE is HIGH for read cycle. 13. If CS goes HIGH simultaneously with WE HIGH, the output remains 

11. Device is continuously selected, CS = Vn,. ’ n a high-impedance state. 

12. Address valid prior to or coincident with CS transition LOW. 
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CY2148/CY21L48 

CY2149/CY21L49 


fJfctpress 
=■ SEMICONDUCTOR 


Switching Waveforms (continued) 


ADDRESS 


eg 


DATA IN 


DATA OUT 


1 

« t wc m 

< > 

< 


m l SA ► 

m iscE 




S 

S 

/ 



m t W p » 

S. 7 





L 

tow * 

•" ^DH "H 



c 

DATA-IN VALID ) 

( ' 



■* t wz *\ 



DATA UNDEFINED 


y 


HIGH IMPEDANCE 


Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

35 

CY2148-35PC 

P3 

Commercial 

CY2148-35DC 

D4 

45 

CY2148-45PC 

P3 

Commercial 

CY2148-45DC 

D4 

C Y 2148-45DMB 

D4 

Military 

55 

CY2148-55PC 

P3 

Commercial 

CY2148-55DC 

D4 

CY2148-55DMB 

D4 

Military 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

35 

CY21L48-35PC 

P3 

Commercial 

CY21L48-35DC 

D4 

45 

CY21L48-45PC 

P3 

Commercial 

CY21L48-45DC 

D4 

55 

CY21L4S-55PC 

P3 

Commercial 

CY21L48-20DC 

D4 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

35 

CY21L49-35PC 

P3 

Commercial 

CY21L49-35DC 

D4 

45 

CY21L49-45PC 

P3 

Commercial 

CY21L49-45DC 

D4 

55 

CY21L49-55PC 

P3 

Commercial 

CY21L49-55DC 

D4 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

35 

CY2149-35PC 

P3 

Commercial 

CY2149-35DC 

D4 

45 

CY2149-45PC 

P3 

Commercial 

CY2149-45DC 

D4 

CY2149-45DMB 

D4 

Military 

55 

CY2149-55PC 

P3 

Commercial 

CY2148-55DC 

D4 

CY2148-55DMB 

D4 

Military 
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CY2148/CY21L48 

CY2149/CY21L49 



MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 



Notes: 

14. CY2148 only. 

15. CY2149 only. 

Document #: 38-00024-B 
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CY6116 

CY6117 


CYPRESS 
SEMICONDUCTOR 


2048 x 8 Static R/W RAM 


Features 

• Automatic power-down when 
deselected 

• CMOS for optimum speed/power 

• High speed 

- 35 ns 

• Low active power 

- 660 mW 

• Low standby power 

- 110 mW 

• TTL-compatible inputs and outputs 

• Capable of withstanding greater 
than 2001V electrostatic discharge 


Functional Description 

The CY6116 and CY6117 are high-perfor- 
mance CMOS Static RAMs organized as 
2048 words by 8 bits. Easy memory expan- 
sion is provided by an active LOW chip en- 
able (CE) and active LOW output enable 
(OE) and three-state drivers. The CY6116 
and the CY6117 have an automatic power- 
down feature, reducing the power con- 
sumption by 83% when deselected. 

An active LOW write enable signal (WE) 
controls the writing/reading operation of 
the memory. Whe n the chip enable (CE) 
and write enable (WE) inputs are both 
LOW, data on the eight data input/output 
pins (I/Oo through I/O 7 ) is written into the 


memory location addressed by the address 
present on the address pins (Ao through A 10 ). 
Reading the device is accomplished by se- 
lecting the device and enablin g the outputs, 
CE and OE active LOW, while WE remains 
inactive or HIGH. Under these conditions, 
the contents of the location addressed by the 
information on address pins is present on the 
eight data input/output pins. 

The input/output pins remain in a high-im- 
pedance state unless the chip is select ed, o ut- 
puts are enabled, and write enable (WE) is 
HIGH. 

The CY6116 and CY6117 utilize a die coat 
to insure alpha immunity. 


Logic Block Diagram 


CE 

WE 



Ao 


I/Oo 

I/O, 

l/0 2 

l/0 3 

l/0 4 

l/0 5 

I/O* 

l/0 7 

116-1 


Pin Configurations 


DIP/SOJ 
Top View 

A7 

Ae 
A 5 
A* 

A 3 

a 2 

A, 

Ao 

I/Oo 

I/O, 
l/0 2 
GND 


6116-2 




ojO o « jp 



6116-4 


Selection Guide 



CY61 16-35 
CY61 17-35 

CY6116-45 

CY6117-45 

CY6116-55 
CY61 17-55 

Maximum Access Time (ns) 

35 

45 

55 

Maximum Standby 

Current (mA) 

Commercial 

120 

120 

120 

Military 

130 

130 

130 

Maximum Standby 

Current (mA) 

Commercial 

20 

20 

20 

Military 

20 

20 

20 
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CY6116 

CY6117 


cypress 

•F SEMICONDUCTOR 


Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 

Static Discharge Voltage 


> 2001V 


Storage Temperature -65°Cto + 150 °C 

Ambient Temperature with 

Power Applied -55°Cto + 125 °C 

Supply Voltage to Ground Potential 

(Pin 24 to Pin 12) - 0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State - 0.5V to + 7.0V 

DC Input Voltage - 3.0V to + 7.0V 

Output Current into Outputs (Low) 20 mA 


(per MIL-STD-883, Method 3015) 

Latch-Up Current >200 m A 

Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70 °C 

5V ± 10% 

Military 111 

- 55 °C to + 125 °C 

5V ± 10% 


Electrical Characteristics Over the Operating Range 121 


Parameters 

Description 

Test Conditions 

CY6116 

CY6117 

Units 

Min. 

Max. 

V oh 

Output HIGH Voltage 

V C c = Min., Ioh = - 4.0 mA 

2.4 


V 

V OL 

Output LOW Voltage 

Vcc = Min., I OL = 8.0 mA 


0.4 

V 

V IH 

Input HIGH Voltage 


2.2 


V 

V IL 

Input LOW Voltage 


-3.0 

0.8 

V 

Iix 

Input Load Current 

GND <_ V, <_V CC 

-10 

+ 10 

M-A 

loz 

Output Leakage 

Current 

GND <_ Vi<_ V cc , 

Output Disabled 


+ 10 

P-A 

los 

Output Short 

Circuit Current 131 

Vcc = Max., Vqut = GND 


-300 

mA 

Icc 

V cc Operating Supply 

Current 

V cc = Max. 

Iout = 0 mA 

Com’l 


120 

mA 

Mil 


130 

IsB 


Max. Vcc, 

CE _> V IH 

Com’l 


20 

mA 

Mil 


20 


Capacitance 141 


Parameters 

Description 

Test Conditions 

Max. 


Units 

ClN 

Input Capacitance 


5 


pF 

CoUT 

Output Capacitance 

7 


pF 


Notes: 

1. Ta is the “instant on” case temperature. 

2. See the last page of this specification for Group A subgroup testing 
information. 


3. Not more than 1 output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 

4. Tested initially and after any design or process changes that may affect 
these parameters. 


AC Test Loads and Waveforms 


OUTPUT®” 


30 pF -y- 

INCLUDING 
JIG AND ’ 
SCOPE 


5V O- 

OUTPUT®” 


R2 

255 XT 


5pF -r 


INCLUDING 
JIG AND ' 
SCOPE 


R2 

255X5, 


(a) , 

Equivalent to: THEVENIN EQUIVALENT 

167X5, 

OUTPUT O - VV> O 1.73V 


(b) 


ALL INPUT PULSES 


/ 


S.5 ns • 


K 


90% 
10 % 


jS.5ns 


C6116-6 
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CY6116 

CY6117 


Switching Characteristics Over the Operating Range 12 - 51 


Parameters 

Description 

7098- 35 

7099- 35 

7098- 45 

7099- 45 

7098- 55 

7099- 55 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

Irc 

Read Cycle Time 

35 


45 


55 


ns 

Iaa 

Address to Data Valid 


35 


45 


55 

ns 

k>HA 

Data Hold from Address Change 

5 


5 


5 


ns 

Iace 



35 


45 


55 

ns 

Idoe 



15 


20 


25 

ns 

tLZOE 

OE LOW to Low Z 

0 


0 


0 


ns 

Ihzoe 

OE HIGH to High Z 16 l 


15 


15 


20 

ns 

Ilzce 

CE LOW to Low Zl ? l 

5 


5 


5 


ns 

fttZCE 

CE HIGH to High Zl 6 - 7 ! 


15 


20 


20 

ns 

tpu 

CE LOW to Power-Up 

0 


0 


0 


ns 

fpD 

CE HIGH to Power-Down 


20 


25 


25 

ns 

WRITE CYCLED 

twc 

Write Cycle Time 

35 


45 


55 


ns 

tsCE 


30 


40 


40 


ns 

tAW 

Address Set-Up to Write End 

30 


40 


40 


ns 

tHA 

Address Hold from Write End 

0 


0 


0 


ns 

tsA 

Address Set-Up to Write Start 

0 


0 


0 


ns 

tpWE 

WE Pulse Width 

20 


20 


25 


ns 

tsD 

Data Set-Up to Write End 

15 


20 


25 


ns 

Ihd 

Data Hold from Write End 

0 


0 


0 


ns 

tHZWE 

WE LOW to High Z' 61 


15 


15 


20 

ns 

tLZWE 

WE HIGH to Low Z 

0 


0 


0 


ns 


Notes: 

5. Test conditions assume signal transition time of 5 ns or less, timing ref- 
erence levels of 1.5V, input pulse levels of 0 to 3.0V, and output load- 
ing of the specified Ioi/Ioh and 30-pF load capacitance. 

6. t H zoE. t H zcE. and t HZWE are specified with C L = 5 pF as in part (b) 
of AC Test Loads. Transition is measured ±500 mV from steady state 
voltage. 

7. At any given temperature and voltage condition, t H zcE is less than 
Ilzce for any given device. 

8. The inter nal w rite time of the memory is defined by the overlap of CE 
LOW and WE LOW. Both signals must be LOW to initiate a write and 


either signal can terminate a write by going HIGH. The data input set- 
up and hold timing should be referenced to the rising edge of the signal 
that terminates the write. 

9. WE is HIGH for read cycle. 

10. Device is continuously selected. OE, CE = Vj E . 

11. Address valid prior to or coincident with CE transition LOW. 

12. Data I/O pins enter high-impedance state, as shown, when OE is held 
LOW during write. 

13. If CE goes HIGH simultaneously with WE HIGH, the output remains 
in a high-impedance state. 
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CYPRESS 

“ SEMICONDUCTOR 


Switching Waveforms 

Read Cycle No. 1 [9 ’ 10 > 


ADDRESS 




k)HA 


DATA OUT 


PREVIOUS DATA VALID 


tfic 


*AA 


HXXX 


CY6116 

CY6117 


X 


DATA VALID 


Read Cycle No. 2 [9 ' 111 
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CY6116 

CY6117 



rjx CYPRESS 
^ SEMODNDUCIOR 


Switching Waveforms (continued) 
Write Cycle No. 2 (CE Controlled) (8, 12, 131 



Typical DC and AC Characteristics 


NORMALIZED SUPPLY CURRENT 



4.0 4.5 5.0 5.5 6.0 


NORMALIZED SUPPLY CURRENT 



-55 25 125 



0.0 1.0 2.0 3.0 4.0 


SUPPLY VOLTAGE (V) 


AMBIENT TEMPERATURE (°C) 


OUTPUT VOLTAGE (V) 


NORMALIZED ACCESS TIME 



4.0 4.5 5.0 5.5 6.0 

SUPPLY VOLTAGE (V) 


NORMALIZED ACCESS TIME 
vs. AMBIENT TEMPERATURE 



-55 25 125 


AMBIENT TEMPERATURE (°C) 


OUTPUT SINK CURRENT 



0.0 1.0 2.0 3.0 4.0 


OUTPUT VOLTAGE (V) 
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CY6116 

CY6117 



_ CYPRESS 

SEMICONDUCTOR 


Typical DC and AC Characteristics (continued) 

TYPICAL POWER-ON CURRENT 



TYPICAL ACCESS TIME CHANGE 
vs. OUTPUT LOADING 


0.0 1.0 2.0 3.0 4.0 

SUPPLY VOLTAGE (V) 


5.0 


30.0 

25.0 

"c/T 

B 20.0 

* 

< 15.0 
ti 

UJ 

Q 10.0 
5.0 
0.0 














/ 





/ 



/ 

7 

Vcc 
Ta = 

= 4.5V 

25°C 







200 400 600 800 1000 

CAPACITANCE (pF) 


NORMALIZED I CC vs. CYCLE TIME 



10 20 30 40 

CYCLE FREQUENCY (MHz) 


Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

35 

CY6116-35PC 

Pll 

Commercial 

CY6116-35DC 

D12 

CY6116-35LC 

L64 

CY6116-35DMB 

D12 

Military 

CY6116-35LMB 

L64 

45 

CY6116-45PC 

Pll 

Commercial 

CY6116-45DC 

D12 

CY6116-45LC 

L64 

CY6116-45DMB 

D12 

Military 

CY6116-45LMB 

L64 

55 

CY6116-55PC 

Pll 

Commercial 

CY6116-55DC 

D12 

CY6116-55LC 

L64 

CY6116-55DMB 

D12 

Military 

CY6116-55LMB 

L64 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

35 

CY6117-35LMB 

L55 

Military 

45 

CY6117-45LMB 

L55 

Military 

55 

CY6117-55LMB 

L55 

Military 
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CYPRESS 

SEMICONDUCTOR 


CY6116 

CY6117 



MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 


Parameters 

Subgroups 

V OH 

1,2,3 

o 

> 

1,2,3 

V IH 

1,2,3 

V, L Max. 

1,2,3 

Iix 

1, 2,3 

loz 

1,2,3 

Icc 

1,2,3 

IsB 

1,2,3 


Switching Characteristics 


Parameters 

Subgroups 

READ CYCLE 

Irc 

7, 8, 9, 10, 11 

tAA 

7, 8, 9, 10, 11 

toHA 

7, 8, 9, 10, 11 

tACE 

7, 8, 9, 10, 11 

Idoe 

7, 8, 9, 10, 11 

WRITE CYCLE 

twc 

7, 8, 9, 10, 11 

tsCE 

7, 8, 9, 10, 11 

tAW 

7, 8, 9, 10, 11 

tHA 

7, 8, 9, 10, 11 

tsA 

7, 8, 9, 10, 11 

tpWE 

7, 8, 9, 10, 11 

tsD 

7, 8, 9, 10, 11 

tHD 

7, 8, 9, 10, 11 


Document #: 38-00055-C 
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CY6116A 



pypppqq 

SEMICONDUCTOR 


2048 x 8 Static R/W RAM 


Features 

• Automatic power-down when 
deselected 

• CMOS for optimum speed/power 

• High speed 

- 20 ns 

• Low active power 

- 550 mW 

• Low standby power 

- 110 mW 

• TTL-compatible inputs and outputs 

• Capable of withstanding greater 
than 2001V electrostatic discharge 


Functional Description 

The CY6116A is a high-performance 
CMOS static RAM organized as 2048 
words by 8 bits. Easy memory expansion is 
prov ided by an active LOW chip enable 
(CE) and active LOW output enable (OE), 
and three-state drivers. The CY6116A has 
an automatic power-down feature, reduc- 
ing the power consumption by 83% when 
deselected. 

Writing to the device is accomplished when 
the c hip enable (CE) and write enable 
(WE) inputs are both LOW. Data on the 
I/O pins (I/Oo through I/O7) is written into 
the memory location specified on the ad- 
dress pins (Ao thorugh A 10 ). 


Reading the device is accomplished by t aking 
chip enable (CE) and outpu t ena ble (OE) 
LOW while write enable (WE) remains 
HIGH. Under these conditions, the contents 
of teh memeory location specified on the ad- 
dress pins will appear on the I/O pins. 

The I/O pins remain in high-impedance 
state when c hip e nable (CE) is HIGH or 
write enable (WE) is LOW. 

The CY6116A utilizes a die coat to insure al- 
pha immunity. 


Logic Block Diagram 


CE 

WE 



1/O 0 

I/O, 

l/0 2 

i/o 3 

l/0 4 

i/o 6 

l/Oe 

l/0 7 


Pin Configurations 


DIP/SOJ 
Top View 



LCC 
Top View 



^ CSJQ rtsj U] I 


Selection Guide 



CY6116A-20 

CY6116A-25 

CY6116A-35 

CY6116A-45 

CY6116A-55 

Maximum Access Time (ns) 

20 

25 

35 

45 

55 

Maximum Operating 
Current (mA) 

Commercial 

100 

100 

100 

100 

80 

Military 


125 

100 

100 

100 

Maximum Standby 

Current (mA) 

Commercial 

40/20 

20 

20 

20 

20 

Military 


40 

20 

20 

20 
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CY6116A 


CYPRESS 

r SEMJC04DUCTC* 


Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature -65°Cto+ 150 °C 

Ambient Temperature with 

Power Applied -55°Cto + 125 °C 

Supply Voltage to Ground Potential 

(Pin 24 to Pin 12) - 0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State - 0.5V to + 7.0V 

DC Input Voltage - 3.0V to + 7.0V 

Output Current into Outputs (Low) 20 mA 

Electrical Characteristics Over the Operating Range 121 


Static Discharge Voltage 

(per MILrSTD-883, Method 3015) 

Latch-Up Current 

Operating Range 


> 2001V 
>200 mA 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70 °C 

5V ± 10% 

Military 111 

- 55 °C to + 125 °C 

5V ± 10% 


Parameters 


V OH 


Description 


Output HIGH Voltage 


Test Conditions 


cc — Min., Iqh — - 4.0 mA 


Output LOW Voltage | Vcc = Min., I OL = 8.0 mA 


Input HIGH Voltage 


Input LOW Voltage 131 


Input Load Current 


6116A-20 


Min. Max. 


Min. 



, 35, 45 

6116A-55 

Max. 

Min. 

Max. 


2.4 


0.4 


0.4 

Vcc 

2.2 

Vcc 




Output Leakage 
Current 


Output Short 
Circuit Current 141 


Vcc Operating 
Supply Current 


Automatic CE 
Power-Down Current 


GND <. Vi <. V cc 


GND <.V,^V C c, 
Output Disabled 


Vcc — Max., Vqut — GND 


Vcc = Max. 
Iout = 0 mA 


Com’l 


Mil 25 


-10 

+ 10 

-10 

+ 10 | 

-10 

-10 

+ 10 

-10 

+ 10 

-10 


-300 i 

i 


-300 



BH!il 


100 





Automatic CE Max . V C c, 

Power-Down Current CEi _>. V] H - 0.3V, 
V IN ^ V cc -0.3V 
or V IN < 0.3V 



Capacitance 151 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Qn 

Input Capacitance 

T a = 25 °C, f = 1 MHz 

5 

pF 

CoUT 

Output Capacitance 

Vcc — 5.0V 

7 

pF 


Notes: 

1. Ta is the “instant on” case temperature. 4. Not more than 1 output should be shorted at one time. Duration of 

2. See the last page of this specification for Group A subgroup testing the short circuit should not exceed 30 seconds. 

information. 5 . Tested initially and after any design or process changes that may affect 

3. Vil min. = -3.0V for pulse durations less than 30 ns. these parameters. 
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CY6116A 



jg CYPRESS 
- SEMICONDUCTO? 


AC Test Loads and Waveforms 


R1 48111 

5 V O W >- 

OUTPUT® f 1 


30 pF 

INCLUDING 
JIG AND — 
SCOPE ~ 


R2 

2550. 


R1 4810. 


5V ® 

OUTPUT 0 t- 

5pF = = 

INCLUDING 
JIG AND _ 
SCOPE “ 


R2 

2550. 


(a) (b) 

Equivalent to: THEVENIN EQUIVALENT 

1670 

OUTPUT O WV O 1.73V 


6116A-4 


ALL INPUT PULSES 


3.0 V 

GND 





Switching Characteristics Over the Operating Ranged 61 


— 

Parameters 

Description 

6116A-20 

6116A-25 

6116A-35 

6116A-45 

6116A-55 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

tRC 

Read Cycle Time 

20 


25 


35 


45 


55 


ns 

Iaa 

Address to Data Valid 


20 


25 


35 


45 


55 

ns 

toHA 

Data Hold from Address Change 

5 


5 


5 


5 


5 


ns 

tACE 



20 


25 


35 


45 


55 

ns 

tDOE 



10 


12 


15 


20 


25 

ns 

tLZOE 

OE LOW to Low Z 

3 


3 


3 


3 


3 


ns 

Ihzoe 

OE HIGH to High Zl 7 l 


8 


10 


12 


15 


20 

ns 

tLZCE 

CE LOW to Low 2?*1 

5 


5 


5 


5 


5 


ns 

tHZCE 

CE HIGH to High Zl 7 ’ 8 ! 


8 




15 


15 


20 

ns 

tpu 

CE LOW to Power-Up 

0 


0 


0 


0 


0 


ns 

tpD 

CE HIGH to Power-Down 


20 


20 


20 


25 


25 

ns 

WRITE CYCLE 191 

twc 

Write Cycle Time 

20 


20 


25 


40 


50 


ns 

tsCE 


15 


20 


25 


30 


40 


ns 

tAW 

Address Set-Up to Write End 

15 


20 


25 


30 


40 


ns 

tHA 

Address Hold from Write End 

0 


0 


0 


0 


0 


ns 

tsA 

Address Set-Up to Write Start 

0 


0 


0 


0 


0 


ns 

tpWE 

WE Pulse Width 

15 


15 


20 


20 


25 


ns 

tsD 

Data Set-Up to Write End 

10 


10 


15 


15 


25 


ns 

tHD 

Data Hold from Write End 

0 


0 


0 


0 


0 


ns 

tHZWE 

WE LOW to High Z 


7 


7 


10 


15 


20 

ns 

i-LZWE 

WE HIGH to Low Z 

5 


5 


5 


5 


5 


ns 


Notes: 

6. Test conditions assume signal transition time of 5 ns or less, timing ref- 
erence levels of 1.5 V, input pulse levels of 0 to 3.0V, and output load- 
ing of the specified Iol/Ioh and 30-pF load capacitance. 

7. IhzoEi tHZCE. and Ihzwe are specified with Cl = 5 pF as in part (b) 
of AC Test Loads. Transition is measured ±500 mV from steady state 
voltage. 

8. At any given temperature and voltage condition, t H zcE is less than 
Ilzce for any given device. 

9. The inter nal w rite time of the memory is defined by the overlap of CE 
LOW and WE LOW. Both signals must be LOW to initiate a write and 


either signal can terminate a write by going HIGH. The data input set- 
up and hold timing should be referenced to the rising edge of the signal 
that terminates the write. 

10. WE is HIGH for read cycle. 

11. Device is continuously selected. OE, CE = V] L . 

12. Address valid prior to or coincident with CE transition LOW. 

1 3. Data I/O pins enter high-impedance state, as shown, when OE is held 
LOW during write. 

14. If CE goes HIGH simultaneously with WE HIGH, the output remains 
in a high-impedance state. 
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CY6116A 



Switching Waveforms 

Read Cycle No. 1 [10, 111 



6116A-6 



6116A-8 
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CY6116A 


tv 

r£ CYPRESS 
- SEMICCWDUCTC* 


Switching Waveforms (continued) 



Typical DC and AC Characteristics 


NORMALIZED SUPPLY CURRENT 



4.0 4.5 5.0 5.5 6.0 


NORMALIZED SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 


_8 

Q 

Ui 

N 

_l 

< 




0.0 1.0 2.0 3.0 4.0 


SUPPLY VOLTAGE (V) 


AMBIENT TEMPERATURE (°C) 


OUTPUT VOLTAGE (V) 


NORMALIZED ACCESS TIME 



4.0 4.5 5.0 5.5 6.0 

SUPPLY VOLTAGE (V) 


NORMALIZED ACCESS TIME 



-55 25 125 


AMBIENT TEMPERATURE (°C) 


OUTPUT SINK CURRENT 



0.0 1.0 2.0 3.0 4.0 


OUTPUT VOLTAGE (V) 
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CY6116A 


CYPRESS 

p- SEMICONDUCTOR 


Typical DC and AC Characteristics (continued) 


TYPICAL POWER-ON CURRENT TYPICAL ACCESS TIME CHANGE 



SUPPLY VOLTAGE (V) CAPACITANCE (pF) 


_8 

O 


NORMALIZED I CC vs. CYCLE TIME 
1.4 

1.3 

1.2 

1.1 

1.0 

0.9 
0.8 

0 10 20 30 40 

CYCLE FREQUENCY (MHz) 



Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

20 

CY6116A-20PC 

Pll 

Commercial 

CY6116A-20DC 

D12 

25 

CY6116A-25PC 

Pll 

Commercial 

CY6I16A-25DC 

D12 

CY6116A-25LC 

L64 

CY6116A-25DMB 

D12 

Military 

CY6116A-25LMB 

L64 

35 

CY6116A-35PC 

Pll 

Commercial 

CY6116A-35DC 

D12 

CY6116A-35LC 

L64 

CY6116A-35DMB 

D12 

Military 

CY6116A-35LMB 

L64 

45 

CY6116A-45PC 

Pll 

Commercial 

CY6116A-45DC 

D12 

CY6116A-45LC 

L64 

CY6116A-45DMB 

D12 

Military 

CY6116A-45LMB 

L64 

55 

CY6116A-55PC 

Pll 

Commercial 

CY6116A-55DC 

D12 

CY6116A-55LC 

L64 

CY6116A-55DMB 

D12 

Military 

CY6116A-55LMB 

L64 
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CY6116A 



MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 


Parameters 

Subgroups 

V OH 

1,2,3 

VOL 

1,2,3 

V , H 

1,2,3 

V, L Max. 

1,2,3 

hx 

1,2,3 

loz 

1, 2,3 

Icc 

1,2,3 

IsB 

1,2,3 


Switching Characteristics 


Parameters 

Subgroups 

READ CYCLE 

tRC 

7, 8, 9, 10, 11 

tAA 

7, 8, 9, 10, 11 

toHA 

7, 8, 9, 10, 11 

tACE 

7, 8, 9, 10, 11 

t[X)E 

7, 8, 9, 10, 11 

WRITE CYCLE 

twc 

7, 8, 9, 10, 11 

tsCE 

7, 8, 9, 10, 11 

tAW 

7, 8, 9, 10, 11 

W 

7, 8, 9, 10, 11 

tsA 

7, 8, 9, 10, 11 

tpWE 

7, 8, 9, 10, 11 

tsD 

7, 8, 9, 10, 11 

Ihd 

7, 8, 9, 10, 11 


Document #: 38-00105 
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CY7C122 



Features 

• 256 x 4 static RAM for control store 
in high-speed computers 

• CMOS for optimum speed/power 

• High speed 

— 15 ns (commercial) 

— 25 ns (military) 

• Low power 

— 330 mW (commercial) 

— 495 mW (military) 

• Separate inputs and outputs 

• 5-volt power supply ± 10% tolerance, 
both commercial and military 

• Capable of withstanding greater than 
2001V static discharge 

• TTL-compatible inputs and outputs 


Functional Description 

The CY7C122 is a high-performance 
CMOS static RAM organized as 256 words 
by 4 bits. Easy memory expansion is pro- 
vided by an active LOW chip select one 
(CSi) input, an active HIGH chip select 
two (CS 2 ) input, and three-state outputs. 

An active LOW write enable input (WE) 
controls the writing/reading operation of 
the memory. When the chip select one 
(CSi) and write enable (WE) inputs are 
LOW and the chip select two (CS 2 ) input 
is HIGH, the information on the four data 
inputs (D 0 to D 3 ) is written into the ad- 
dressed memory word and the output cir- 
cuitry is preconditioned so that the correct 
data is present at the outputs when the 
write cycle is complete. This precondition- 


ing operation insures minimum write re- 
covery times by eliminating the “write re- 
covery glitch”. 

Reading is performed with the chip select 
one (CSi) input is LOW, the ch ip se lect two 
input (CS 2 ) and write enable (WE ) inp uts 
are HIGH, and the output enable (OE) in- 
put is LOW. The information stored in the 
addressed word is read out on the four 
non-inverting outputs (O 0 to O 3 ). 

The outputs of the memory go to an active 
high-impedance state whenever chip se- 
lect one (CSi) is HIGH, chip sel ect two 
(CS 2 ) is LOW, output enable (OE) is 
HIGH, or during the w riting operation 
when write enable (WE) is LOW. 


Logic Block Diagram Pin Configurations 


DIP 

Top View 



Selection Guide 


Maximum Access Time (ns) 

Commercial 

Military 

Maximum Operating Current (mA) 

Commercial 

Military 



7C122-25 

7C122-35 

25 

35 

25 

35 

60 

60 

90 

90 
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CY7C122 


'CYPRESS 
■ ^ SEMICONDUCTOR 


Maximum Rating 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature - 65 °C to + 150 °C 

Ambient Temperature with 

Power Applied - 55 °C to + 125 °C 

Supply Voltage to Ground Potential 

(Pin 22 to Pin 8) - 0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State - 0.5V to +7.0V 

DC Input Voltage - 3.0V to + 7.0V 

Output Current into Outputs (Low) 20 mA 


Static Discharge Voltage > 2001V 

(per MIDSTD-883, Method 3015) 

Latch-Up Current > 200 mA 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70 °C 

5V ± 10% 

Military 111 

- 55 °C to + 125 °C 

5V ± 10% 


Electrical Characteristics Over the Operating Range 121 


Parameters 

Description 

Test Conditions 

7022-15 

7C 122-25 
7C122-35 

Units 

Min. 

Max. 

Min. 

Max. 

V OH 

Output HIGH Voltage 

Vcc = Min., Ioh = “ 5.2 mA 

mrm 


2.4 


V 

Vql 

Output LOW Current 

Vcc = Min., Iql = 8.0 mA 


0.4 


0.4 

V 

V 1H 

Input HIGH Level 


2.1 

Vcc 

eh 

Vcc 

V 

V,L 

Input LOW Level 


-3.0 

0.8 

-3.0 

MiM 

V 

I.X 

Input Load Current 

GND <.V, <.V CC 


10 


10 

V 

VcD 

Input Diode Clamp 

Voltage 



Note 3 


Note 3 

V 

loz 

Output Current (High Z) 

Vol <_ VoiJT-S. VoH, 

Output Disabled 

- 10 

+ 10 

- 10 

+ 10 

M 

los 

Output Short Circuit 
Current 141 

V C c = Max., 

Vout = GND 

Commercial 


-70 


-70 

mA 

Military 


-80 


-80 

mA 

los 

Power Supply Current 

V C c = Max., 

Iqut = 0 m A 

Commercial 


90 


60 

mA 

Military 




90 

mA 


Capacitance 151 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Qn 

Input Capacitance 

T a = 25°C, f = 1 MHz 

V cc = 5.0V 

4 

pF 

CoUT 

Output Capacitance 

7 




Logic Table 161 


Inputs 

Outputs 

Mode 

OE 

CS, 

CS 2 

WE 

D 0 - Dj 

X 

H 

X 

X 

X 

High Z 

Not Selected 

X 

X 

L 

X 

X 

High Z 

Not Selected 

L 

L 

H 

H 

X 

Oo - O3 

Read Stored Data 

X 

L 

H 

L 

L 

High Z 

Write “0” 

X 

L 

H 

L 

H 

High Z 

Write “1” 

H 

L 

H 

H 

X 

High Z 

Output Disabled 


Notes: 

1. Ta is the “instant on” case temperature. 

2. See the last page of this specification for Group A subgroup testing 
information. 

3. The CMOS process does not provide a clamp diode. However, the 
CY7C122 is insensitive to -3V DC input levels and -5V undershoot 
pulses of less than 10 ns (measured at 50% point). 


4. For test purposes, not more than 1 output at a time should be shorted. 
Short circuit test duration should not exceed 30 seconds. 

5 . Tested initially and after any design or process changes that may affect 
these parameters. 

6. H = HIGH Voltage, L = LOW Voltage, X = Don’t Care, and High 
Z = High-Impedance 
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CY7C122 



_ 

S CYPRESS 
- SEMICONDUCTOR 


AC Test Loads and Waveforms 


R1470fi. 


R1 4700, 


30 pF =4= 


INCLUDING 
JIG AND"^ 
SCOPE 

(a) 


5V o- 

OUTPUTO- 


R2 

2240, 


5 pF 

INCLUDING 
JIG AND - 
SCOPE 


'(b) 


Equivalent to: THEVENIN EQUIVALENT 

1520 

OUTPUT O VW— — O 1.62V 


R2 

2240 


Cl 22-4 


ALL INPUT PULSES 



C122-5 


Switching Characteristics Over the Operating Range 17, 81 


Parameters 

Description 

7C122-15 

7C122-25 

7C122-35 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

tRC 

Read Cycle Time 

15 


25 


35 


ns 

tACS 

Chip Select Time 


8 


15 


25 

ns 

tzRCS 

Chip Select to High Z l 9 ! 


12 


20 


30 

ns 

tAOS 

Output Enable Time 


8 


15 


25 

ns 

tzROS 

Output Enable to High Z [8 1 


12 


20 


30 

ns 

tAA 

Address Access Time 


15 


25 


35 

ns 

WRITE CYCLE 

twc 

Write Cycle Time 

15 


25 


35 


ns 

tzws 

Write Disable to High Z' 8 ! 


12 


20 


30 

ns 

twR 

Write Recovery Time 


12 


20 


25 

ns 

tpWE 

WE Pulse Width! 6 ! 

11 


15 


25 


ns 

twSD 

Data Set-Up Time Prior to Write 

0 


5 


5 


ns 

twHD 

Data Hold Time After Write 

2 


5 


5 


ns 

twSA 

Address Set-Up Time 16 ! 

0 


5 


10 


ns 

twHA 

Address Hold Time 

4 


5 


5 


ns 

twscs 

Chip Select Set-Up Time 

0 


5 


5 


ns 

twHCS 

Chip Select Hold Time 

2 


5 


5 


ns 


Notes: 

7. tw measured at twsA = min.; twsA measured at tw = min. 9. Transition is measured at steady state HIGH level -500 mV or steady 

8. Test conditions assume signal transition times of 5 ns or less for the state LOW level + 500 mV on the output from 1.5V level on the input 

-15 product and 10 ns or less for the -25 and -35 product. Timing with load as shown in part (b) of AC Test Loads. 

reference levels of 1.5V 
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fj* CYPRESS 
r SEMICONDUCTOR 


Switching Waveforms 

Read Cycle [101 


A 0 _ A 7 
ADDRESS 




cs 2 

oe 

WE 



*AA 



DATA 
OUTPUTS 
Oq ” O3 


CY7C122 












NORMALIZED W NORMAUZED I 


CY7C122 



Typical DC and AC Characteristics 


NORMALIZED I cc 
vs. SUPPLY VOLTAGE 




OUTPUT SOURCE CURRENT 
vs. OUTPUT VOLTAGE 



SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) OUTPUT VOLTAGE (V) 












CY7C122 



JS CYPRESS 
F SEMICCMXOC* 


Bit Map 



Address Designators 


Address 

Name 

Address 

Function 

Pin 

Number 

Ao 

AXO 

4 

Ai 

AX1 

3 

A 2 

AX2 

2 

Aj 

AX3 

1 

A 4 

AX4 

21 

A 5 

AYO 

5 

Afi 

AY1 

6 

A 7 

AY2 

7 


Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

15 

CY7C122-15PC 

P7 

Commercial 

CY7C122-15DC 

D8 

25 

CY7C122-25PC 

P7 

Commercial 

CY7C122-25DC 

D8 

CY7C122-25LC 

L53 

CY7C122-25DMB 

D8 

Military 

35 

CY7C122-35PC 

P7 

Commercial 

CY7C122-35DC 

D8 

CY7C122-35LC 

L53 

C Y7C 122-35DMB 

D8 

Military 

C Y7C 122-35 LMB 

L53 


2-31 








































CY7C122 



MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 


Parameters 

Subgroups 

V OH 

1,2,3 

VoL 

1,2,3 

V, H 

1,2,3 

V IL Max. 

1,2,3 

Iix 

1,2,3 

loz 

1,2,3 

Icc 

1,2,3 


Switching Characteristics 


Parameters 

Subgroups 

READ CYCLE 

tRC 

7, 8, 9, 10, 11 

tACS 

7, 8, 9, 10, 11 

toes 

7, 8, 9, 10, 11 

tAA 

7, 8, 9, 10, 11 

WRITE CYCLE 

twe 

7, 8, 9, 10, 11 

twR 

7, 8, 9, 10, 11 

tpWE 

7, 8, 9, 10, 11 

twSD 

7, 8, 9, 10, 11 

IwHD 

7, 8, 9, 10, 11 

twSA 

7, 8, 9, 10, 11 

twHA 

7, 8, 9, 10, 11 

twscs 

7, 8, 9, 10, 11 

twHCS 

7, 8, 9, 10, 11 


Document #: 38-00025-B 
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PRELIMINARY CY7C123 



Features 

• 256 x 4 static RAM for control store 
in high-speed computers 

• CMOS for optimum speed/power 

• High speed 

— 7 ns (commercial) 

— 10 ns (military) 

• Low power 

— 660 mW (commercial) 

— 825 mW (military) 

• Separate inputs and outputs 

• 5-volt power supply ± 10% tolerance 
both commercial and military 

• TTL-compatible inputs and outputs 

• 24 pin 

• 300-mil package 


Functional Description 

The CY7C123 is a high-performance 
CMOS static RAM organized as 256 words 
by 4 bits. Easy memory expansion is pro- 
vided by an active LOW chip select one 
(CSi) input, an active HIGH chip select 
two (CS 2 ) input, and three-state outputs. 

Writing to the device is accomplished when 
the c hip select one (CSi) and write enable 
(WE) inputs are both LOW and the chip 
select two input is HIGH. Data on the four 
data inputs (D 0 through D3) is written into 
the memory location specified on the ad- 
dress pins (Ao through A 7 ). The outputs 
are preconditioned so that the write data 
is present at the outputs when the write 
cycle is complete. This precondition opera- 


tion ensures minimum write recovery times 
by eliminating the “write recovery glitch.” 

Reading the device is accomplished by tak- 
ing the chip select one (CSi) and output 
enable (OE) inputs LOW, while the write 
enable (WE) and chip select two (CS 2 ) in- 
puts remain HIGH. Under these condi- 
tions, the contents of the memory location 
specified on the address pins will appear 
on the four output pins (O 0 through O3). 

The output pins remain in high-impe- 
dance state when chip select one (CSi) or 
outp ut en able (OE) is HIGH, or write en- 
able (WE) or chip select two (CS 2 ) is LOW. 
A die coat is used to insure alpha immunity. 




Selection Guide 



Maximum Access Time 


(ns) 


Commercial 

Military 


Maximum Operating Current (mA) 


Commercial 

Military 
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PRELIMINARY 



Maximum Rating 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


CY7C123 


Storage Temperature - 65 °C to + 150 °C 

Ambient Temperature with 

Power Applied - 55 °C to + 125 °C 

Supply Voltage to Ground Potential 

(Pins 24 and 18 to Pins 7 and 12) - 0.5V to +7.0V 

DC Voltage Applied to Outputs 

in High Z State - 0.5V to + 7.0V 

DC Input Voltage - 3.0V to + 7.0V 


Output Current into Outputs (Low) 20 mA 

Latch-Up Current > 200 mA 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70 °C 

5V ± 10% 

Military!*! 

- 55 °C to + 125 °C 

5V ± 10% 


Electrical Characteristics Over the Operating Ranged 






7C123-7 

7C123-9 

7C123-10 

7C123-15 

7C123-12 


Parameters 

Description 

Test Conditions 


USB 

Min. 

Max. 

Min. 

Max. 

Units 

V OH 

Output HIGH Voltage 

Vcc = Min., Ioh 

= - 5.2 mA 

2.4 


2.4 


2.4 


V 

V OL 

Output LOW Voltage 

Vcc = Min., Iql 

= 8.0 mA 


0.4 




0.4 

V 

V, H 

Input HIGH Voltage 


2.2 

Vcc 

2.2 

Vcc 

2.2 

Vcc 

V 

V,L 

Input LOW Voltage 



0.8 

-3.0 

0.8 

-3.0 

0.8 

V 

I[X 

Input Load Current 

Vss^. Vi.<_ Vcc 

- 10 

+ 10 

- 10 

+ 10 

- 10 

+ 10 

jxA 

loz 

Output Current 
(High Z) 

Vss <. V 0 ut. 5L V c & 

Output Disabled 

- 10 

+ 10 

- 10 

+ 10 

- 10 

+ 10 

|XA 

Icc 

Power Supply 

Current 

V C c = Max., 

Iout ~ 0 mA 

Commercial 


120 




120 

mA 


EBS1 




150 


150 

mA 


Capacitance ! 31 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Qn 

Input Capacitance 

T a = 25 °C, f = 1 MHz, 

Vcc = 5.0V 

4 

pF 

CoUT 

Output Capacitance 

7 

eE 


Logic Table [41 


Inputs 

Outputs 

Mode 

OE 

CS, 

cs 2 

WE 


X 

H 

X 

X 

X 

High Z 

Not Selected 

X 

X 

L 

X 

X 

High Z 

Not Selected 

L 

L 

H 

H 

X 

Oo - O3 

Read Stored Data 

X 

L 

H 

L 

L 

High Z 

Write “O’ 

X 

L 

H 

L 

H 

High Z 

Write “V 

H 

L 

H 

H 

X 

High Z 

Output Disabled 


Notes: 

1. Ta is the “instant on” case temperature. 3. Tested initially and after any design or process changes that may affect 

2. See the last page of this specification for Group A subgroup testing these parameters. 

information. 4. H = High Voltage, L = Low Voltage, X = Don’t Care, and 

High Z = High Impedance. 
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PRELIMINARY 


CY7C123 


-=^= r SEMICONDUCTOR — 

AC Test Loads and Waveforms 


R1 470X5. 


R1 470XL 


5V o 

OUTPUT" *- 

20 pF a = 

INCLUDING 
JIG AND — 
SCOPE “ 


(a) 


R2 

224X5, 


5 pF • 

INCLUDING 
JIG AND “ 
SCOPE 

(b) 


R2 

224X1 


C123-4 


Equivalent to: THEVENIN EQUIVALENT 

152X1 

OUTPUT O MW O 1.62V 


ALL INPUT PULSES 




t*-< 3nx 

Cl 23-5 


Switching Characteristics Over the Operating Range 123 


Parameters 

Description 

7C123-7 

7C123-9 

7023-10 

7023-12 

7023-15 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

| READ CYCLE 

tRC 

Read Cycle Time 

7 


9 


10 


12 


15 


ns 

tAA 

Address to Data Valid 


MM 


9 


10 


12 


15 

ns 

tACS 

Chip Select to Data Valid 


7 


8 


8 


8 


10 

ns 

Idoe 

OE LOW to Data Valid 


7 


8 


8 


8 


10 

ns 

tHZCS 

Chip Select to High Z [5> 61 


5 


6 


6 


6.5 


8 

ns 

tHZOE 

OE HIGH to High ZJ 4 ' 


5 


6 


6 


6.5 


8 

ns 

tLZCS 

Chip Select to Low Z (4, 53 

2 


2 


2 


2 


2 


ns 

tLZOE 

OE LOW to Low Z 343 

2 


2 


2 


2 


2 


ns 

WRITE CYCLE 

twc 

Write Cycle Time 

7 


9 


10 


12 


15 


ns 

tHZWE 

WE LOW to High Z 


5.5 


6 


6 


7 


8 

ns 

tLZWE 

WE HIGH to Low Z 

2 


2 


2 


2 


2 


ns 

tpWE 

WE Pulse Width 

5 


6.5 


7 


8 


11 


ns 

tsD 

Data Set-Up to Write End 

5 


6 


7 


8 


11 


ns 

tHD 

Data Hold from Write End 

1 


1 


1 


1 


1 


ns 

tsA 

Address Set-Up to Write Start 

0.5 


1 


1 


2 


2 


ns 

tHA 

Address Hold from Write End 

1.5 


1.5 


2 


2 


2 


ns 

tscs 

CS LOW to Write End 

5 


6.5 


7 


8 


11 


ns 

tAW 

Address Set-Up to Write End 

5.5 




8 


10 


13 


ns 


Notes: 

5. Transition is measured at steady state HIGH level - 500 mV or steady 6. At any given temperature and voltage condition, t H zcs is less than 

state LOW level + 500 mV on the output from 1.5 V level on the input tLzcs for any given device, 

with load shown in part (b) of AC Test Loads. 
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PRELIMINARY 


CY7C123 



Switching Waveforms 

Read Cycle [7, 81 



Write Cycle [7, 81 



|* *wc 1 

)■ 

ADDRESS ^ 


aWS 




■1 



p l HA 

m l SGS m 


CS-j - CS 2 

^1 

WKKKKt 

1 ^ 

( 

WF 

i^hhhhhhr 




^ ? 


V 

/ 



h "~ t SD ■’*1 

*HD **] 

.... ... > 

< 


X 


•* Wwe 


*• !lzwe -H 


DATA OUT ) 

( 

r 

v 




Cl 23-7 

Notes: 

7. Measurements are referenced to 1.5V unless otherwise stated. 8. Timing diagram represents one solution that results in an optimum 

cycle time. Timing may be changed in varous applications as long as 
the worst case limits are not violated. 
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NORMALIZED l P0 NORMALIZED t M NORMALIZED l cc , l SB 


PRELIMINARY 


CY7C123 



Typical DC and AC Characteristics 


NORMALIZED SUPPLY CURRENT NORMALIZED SUPPLY CURRENT OUTPUT SOURCE CURRENT 



SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) OUTPUT VOLTAGE (V) 


NORMALIZED ACCESS TIME NORMALIZED ACCESS TIME OUTPUT SINK CURRENT 

vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE vs. OUTPUT VOLTAGE 



SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) OUTPUT VOLTAGE (V) 


TYPICAL POWER-ON CURRENT TOTAL ACCESS TIME CHANGE 

vs. SUPPLY VOLTAGE vs. OUTPUT LOADING NORMALIZED I cc vs. CYCLE TIME 



SUPPLY VOLTAGE (V) CAPACITANCE (pF) CYCLE FREQUENCY (MHz) 
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PRELIMINARY 


CY7C123 



Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

7 

CY7C123-7PC 

P13A 

Commercial 

CY7C123-7DC 

D14 

CY7C123-7LC 

L53 

9 

CY7C123-9PC 

P13A 

Commercial 

CY7C123-9DC 

D14 

CY7C123-9LC 

L53 

10 

C Y7C 123- 10DMB 

D14 

Military 

CY7C123-10LMB 

L53 

CY7C123-10KMB 

K73 

12 

CY7C123-12PC 

P13A 

Commercial 

CY7C123-12DC 

D14 

CY7C123-12LC 

L53 

C Y7C 123- 12DMB 

D14 

Military 

CY7C123-12LMB 

L53 

CY7C123-12KMB 

K73 

15 

C Y7C 123- 15DMB 

D14 

Military 

CY7C 123- 15LMB 

L53 

CY7C 123- 15KMB 

K73 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 


Parameters 

Subgroups 

V OH 

1, 2,3 

VoL 

1, 2,3 

V,H 

1, 2,3 

V IL Max. 

1, 2,3 

Iix 

1,2,3 

loz 

1,2,3 

Icc 

1, 2,3 


Switching Characteristics 


Parameters 

Subgroups 

READ CYCLE 

tRC 

7, 8, 9, 10, 11 

tAA 

7, 8, 9, 10, 11 

tACS 

7, 8, 9, 10, 11 

Idoe 

7, 8, 9, 10, 11 

WRITE CYCLE 

twc 

7, 8, 9, 10, 11 

tpWE 

7, 8, 9, 10, 11 

tsD 

7, 8, 9, 10, 11 

tHD 

7, 8, 9, 10, 11 

tsA 

7, 8, 9, 10, 11 

tHA 

7, 8, 9, 10, 11 

tscs 

7, 8, 9, 10, 11 

tAW 

7, 8, 9, 10, 11 
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CY7C128 


CYPRESS 
SEMICONDUCTOR 


2048 x 8 Static R/W RAM 


Features 

• Automatic power-down when 
deselected 

• CMOS for optimum speed/power 

• High speed 

— 35 ns 

• Low active power 

— 660 mW (commercial) 

— 825 mW (military) 

• Low standby power 

— 110 mW 

• TTL-compatible inputs and outputs 

• Capable of withstanding greater 
than 2001V electrostatic discharge 


Functional Description 

The CY7C128 is a high-performance 
CMOS static RAM organized as 2048 
words by 8 bits. Easy memory expansion is 
prov ided by an active LOW chip e nable 
(CE), and active LOW output enable (OE) 
and three-state drivers. The CY7C128 has 
an automatic power-down feature, reduc- 
ing the power consumption by 83% when 
deselected. 

Writing to the device is accomplished when 
t he c hip enable (CE) and write enable 
(WE) inputs are both LOW. Data on the 
eight I/O pins (I/O 0 through I/O 7 ) is writ- 
ten into the memory location specified on 
the address pins (Ao through Ai 0 ). 


Reading the device is accomplished by t aking 
chip enable (CE) and outpu t en able (OE) 
LOW while write enable (WE) remains 
HIGH. Under these conditions, the contents 
of the memory location specified on the ad- 
dress pins will appear on the eight I/O pins. 

The I/O pins remain in high-impedance 
state when chip enable (CE) or o utpu t enable 
(OE) is HIGH or write enable (WE) is low. 

The 7C128 utilizes a die coat to ensure alpha 
immunity. 


Logic Block Diagram 


Pin Configurations 


CE 

WE 



l/Oo 

I/O, 

l/Oj 

l/0 3 

l/0 4 

I/O 5 

l/0 6 

I/O, 


Ai An 


C128-1 


D1P/SOJ 
Top View 

a 7 

A 6 

a 5 

A4 

A3 

a 2 

A, 

Ao 
l/Oo 
I/O, 
l/0 2 
GND 


Cl 28-2 


C 1 
C 2 

C 3 
C 4 
C 5 

C 6 7 
C 7 7 

C 8 

C 9 

C 10 
C 11 
C 12 


3 Vcc 
3 Ae 
3 Ao 
3 WE 

2 OE 

3 A, 0 
2 CE 
2 I/O, 

2 I/Os 

3 i/o 6 
3 1 /O 4 
3 1 /O 3 


LCC 
Top View 


A 4 

r 4 

22 ^ A 

a 3 

>5 

21<WE 

A? 

r 6 

20ioE 

A, 

>7 7C128 


Ao 

>8 

1®S CE 

l/Oo 

r 9 

115 1/0 , 

I/O, 

1 10 

165 I/O. 


ly 11 12131415 J 
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7CI28-35 

7C128-45 

7C128-55 

Maximum Access Time (ns) 

35 

45 

55 

Maximum Operating 

Current (mA) 

Commercial 

120 

120 

90 

Military 


130 

100 

Maximum Standby 

Current (mA) 

Commercial 

20 

20 

20 

Military 


20 

20 
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CYPRESS 

SEMICONDUCTC* 


CY7C128 


Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 

Static Discharge Voltage > 2001V 

(per MILrSTD-883, Method 3015) 

Latch-Up Current > 200 m A 

Operating Range 


Parameters 

Description 

Test Conditions 

7C128 

Units 

Min. 

Max. 

V OH 

Output HIGH Voltage 

Vcc = Min., Ioh “ — 4.0 mA 

2.4 


V 

VoL 

Output LOW Voltage 

Vcc ~ Min., Iol ~ 8.0 mA 


0.4 

V 

V, H 

Input HIGH Voltage 


2.0 


m 

V, L 

Input LOW Voltage 



WiM 

ml 

Itx 

Input Load Current 

GND <. V r <. Vcc 

-10 

+ 10 

)iA 

loz 

Output Leakage 

Current 

GNDj< V,<.Vcc, 

Output Disabled 

-40 

+ 40 

ra 

los 

Output Short 

Circuit Current' 3 ' 

Vcc = Max., Vqut 52 GND 


-300 

mA 

Icc 

V C c Operating Supply 

Current 

Vcc = Max. 

Tout == 0 mA 

Com’l 

35,45 


120 

mA 

55 


90 

Mil 

45 


130 

55 


100 

IsB 

Automatic CE 

Power-Down Current 

Max. Vcc, 

CE _> Vih 

Com’l 


20 

mA 

Mil 


20 


Capacitance' 4 ! 


Parameters 

Description 

Test Conditions 

Max. 

Units 

ClN 

Input Capacitance 

. ; ■ ■ ■ . ' . 

5 

pF 

CqUT 

Output Capacitance 

7 

pF 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70 °C 

5V ± 10% 

Military' 11 

- 55 °C to + 125 °C 

5V ± 10% 


Storage Temperature -65°Cto + 150 °C 

Ambient Temperature with 

Power Applied -55°Cto + 125 °C 

Supply Voltage to Ground Potential 

(Pin 24 to Pin 12) - 0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State - 0.5V to + 7.0V 

DC Input Voltage - 3.0V to + 7.0V 

Output Current into Outputs (Low) 20 mA 


Electrical Characteristics Over the Operating Range' 21 


Notes: 

1. Ta is the “instant on” case temperature. 3. 

2. See the last page of this specification for Group A subgroup testing 

information. 4. 


AC Test Loads and Waveforms 

R1 481X1 


5V O- 
OUTPUT®" 


30 P F — 1- 


INCLUDING 
JIG AND -=ST 
SCOPE 


5V O- 
OUTPUT*- 


R1 481X1 


R2 

255X1 


5pF T 

INCLUDING 
JIG AND 
SCOPE 


255X1 


(a) 


(b) 


Not more than 1 output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 

Tested initially and after any design or process changes that may affect 
these parameters. 


ALL INPUT PULSES 


Equivalent to: 


THEVENIN EQUIVALENT 
167X1 

OUTPUT O W. O 1.73V 
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CY7C128 

~-==a«f r SEMICONDUCTOR = — 

Switching Characteristics Over the Operating Range 12 ' 51 


Parameters 

Description 

7C128-35 

7028-45 

7028-55 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

!rc 

Read Cycle Time 

35 


45 


55 


ns 

Iaa 

Address to Data Valid 


35 


45 


55 

ns 

toHA 

Data Hold from Address Change 

5 


5 


5 


ns 

tACE 



35 


45 


55 

ns 

toOE 



15 


20 


25 

ns 

tLZOE 

OE LOW to Low Z 

0 


0 


0 


ns 

Ihzoe 

OE HIGH to High Z 161 


15 


15 


20 

ns 

tLZCE 

CE LOW to Low Z 1?1 

5 


5 


5 


ns 

tHZCE 

CE HIGH to High Z 16 ’ 71 


15 


20 


20 

ns 

tpu 

CE LOW to Power-Up 

0 


0 


0 


ns 

tpD 



20 


25 


25 

ns 

WRITE CYCLE 181 

twc 

Write Cycle Time 

35 


45 


55 


ns 

tsCE 


30 


40 


50 


ns 

tAW 

Address Set-Up to Write End 

30 


40 


50 


ns 

tHA 

Address Hold from Write End 

0 


0 


0 


ns 

tSA 

Address Set-Up to Write Start 

0 


0 


0 


ns 

tpWE 

WE Pulse Width 

20 


20 


25 


ns 

tsD 

Data Set-Up to Write End 

15 


20 


25 


ns 

tHD 

Data Hold from Write End 

0 


0 


0 


ns 

tHZWE 

WE LOW to High Z 161 


15 


15 


20 

ns 

tLZWE 


0 


0 


0 


ns 


Notes: 

5. Test conditions assume signal transition time of 5 ns or less, timing ref- 
erence levels of 1.5V, input pulse levels of 0 to 3.0V, and output load- 
ing of the specified IoiVIoh and 30-pF load capacitance. 

6. tnzoE. tnzcE. an d Ihzwe are specified with Cl = 5 pF as in part (b) 
of AC Test Loads. Transition is measured ±500 mV from steady state 
voltage. 

7. At any given temperature and voltage condition, t H zcE is less than 
tLZCE for any given device. 

8. The inter nal w rite time of the memory is defined by the overlap of CE 
LOW and WE LOW. Both signals must be LOW to initiate a write and 


either signal can terminate a write by going HIGH. The data input set- 
up and hold timing should be referenced to the rising edge of the signal 
that terminates the write. 

9. WE is HIGH for read cycle. 

10. Device is continuously selected. OE, CE = Vi L . 

11. Address valid prior to or coincident with CE transition LOW. 

12. Data I/O pins enter high-impedance state, as shown, when OE is held 
LOW during write. 

13. If CE goes HIGH simultaneouslywith WE HIGH, the output remains 
in a high-impedance state. 
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CYPRESS 

SEMICONDUCTOR 


CY7C128 


Switching Waveforms 

Read Cycle No. 1 (9 ' 10 1 





ADDRESS ^ 

( > 

< 


■* Iaa ■ 

h *OHA 


i 


DATA OUT PREVIOUS DATA VALID ^ 


( DATA VALID 


Cl 28-6 


Read Cycle No. 2( 9 - “1 



Write Cycle No. 1 (WE Controlled) ^ 12 > 



M— — — 




< 

■HI 

■ 

* IsCE *■ 

\ z 



sislssi 

i 

mm 

! mm 


■■ 


— up— i 

1 

* tsA H 1 





•~ Ihd •* 

■BBBBBS 

DATA-IN VALID 

>< 

1 

* — Ihzwe ~ 

(•“ ^ZWE — *J 


V nitjM IMMtUMNUt a 

DATA I/O DATA UNDEFINED J ( 



Cl 28-8 
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CY7C128 


f!#*ctpress 

- SEMICONDUCTC* 


Switching Waveforms (continued) 
Write Cycle No. 2 (CE Controlled) [8 ’ 12 - 13) 




NORMALIZED SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 




0.0 


1.0 


2.0 


3.0 


4.0 


SUPPLY VOLTAGE (V) 


AMBIENT TEMPERATURE (°C) 


OUTPUT VOLTAGE (V) 


NORMALIZED ACCESS TIME 



4.0 4.5 5.0 5.5 6.0 


NORMALIZED ACCESS TIME 



-55 25 125 


OUTPUT SINK CURRENT 



0.0 1.0 2.0 3.0 4.0 


SUPPLY VOLTAGE (V) 


AMBIENT TEMPERATURE (°C) 


OUTPUT VOLTAGE (V) 
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CY7C128 



Typical DC and AC Characteristics (continued) 


TYPICAL POWER-ON CURRENT TYPICAL ACCESS TIME CHANGE 



SUPPLY VOLTAGE (V) CAPACITANCE (pF) 


NORMALIZED I cc vs. CYCLE TIME 



CYCLE FREQUENCY (MHz) 


Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

35 

CY7C128-35PC 

P13 

Commercial 

CY7C 128-35 VC 

V12 

CY7C128-35DC 

D14 

CY7C128-35LC 

L53 

45 

CY7C128-45PC 

P13 

Commercial 

CY7C 128-45 VC 

V13 

CY7C128-45DC 

D14 

CY7C128-45LC 

L53 

C Y7C 128-45DMB 

D14 

Military 

C Y7C 128-45LMB 

L53 

CY7C128-45KMB 

K73 

55 

CY7C128-55PC 

P13 

Commercial 

CY7C128-55VC 

V13 

CY7C128-55DC 

D14 

CY7C128-55LC 

L53 

C Y7C 128-55DMB 

D14 

Military 

C Y7C 128-55LMB 

L53 

C Y7C 128-55KMB 

K73 
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CY7C128 


=S£g 0 SEMICONDUCTOR 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 


Parameters 

Subgroups 

VoH 

1,2,3 

VoL 

1, 2,3 

V ,» 

1, 2,3 

Vil Max. 

1, 2,3 

Iix 

1, 2,3 

loz 

1,2,3 

Icc 

1,2,3 

IsB 

1, 2,3 


Switching Characteristics 


Parameters 

Subgroups 

READ CYCLE 

tRC 

7, 8, 9, 10, 11 

tAA 

7, 8, 9, 10, 11 

toHA 

7, 8, 9, 10, 11 

tACE 

7, 8, 9, 10, 11 

tDOE 

7, 8, 9, 10, 11 

WRITE CYCLE 

twc 

7, 8, 9, 10, 11 

tsCE 

7, 8, 9, 10, 11 

tAW 

7, 8, 9, 10, 11 

tHA 

7, 8, 9, 10, 11 

tsA 

7, 8, 9, 10, 11 

tpWE 

7, 8, 9, 10, 11 

tsD 

7, 8, 9, 10, 11 

Ihd 

7, 8, 9, 10, 11 


Document #: 38-00026-C 


2-45 






CY7C128A 


CYPRESS 
SEMICONDUCTOR 


2048 x 8 Static R/W RAM 


Features 

• Automatic power-down when 
deselected 

• CMOS for optimum speed/power 

• High speed 

— 15 ns 

• Low active power 

— 440 mW (commercial) 

— 550 mW (military) 

• Low standby power 

— 110 mW 

• SOJ package 

• TTL-compatible inputs and outputs 


• Capable of withstanding greater 
than 2001V electrostatic discharge 

• V IH of 2.2V 

Functional Description 

The CY7C128A is a high-performance 
CMOS static RAM organized as 2048 
words by 8 bits. Easy memory expansion is 
prov ided by an active LOW chip enable 
(CE), and active LOW output enable (OE) 
and three-state drivers. The CY7C128A 
has an automatic power-down feature, re- 
ducing the power consumption by 83% 
when deselected. 

Writing to the device is accomplished when 
the c hip enable (CE) and write enable 
(WE) inputs are both LOW. 


Data on the eight I/O pins (I/O 0 through I/O?) 
is written into the memory location specified 
on the address pins (Ao through A ]0 ). 

Reading the device is accomplished by t aking 
chip enable (CE) and outpu t en able (OE) 
LOW while write enable (WE) remains 
HIGH. Under these conditions, the contents 
of the memory location specified on the ad- 
dress pins will appear on the eight I/O pins. 

The I/O pins remain in high-impedance 
state when chip enable (CE) or outp ut enable 
(OE) is HIGH or write enable (WE) is LOW. 

The 7C128A utilizes a die coat to insure al- 
pha immunity. 


Logic Block Diagram 


Pin Configurations 


A3 Ag Ai Ao 



l/Oo 

I/O, 

I/O, 

1/03 

l/ 0 4 

l/ 0 5 

l/Oe 

I/O, 



DIP/SOJ 



Top View 


A,C 

1 

24 

3 Vcc 

AeC 

2 

23 

3 As 

A 5 f 

3 

22 

3 Ag 

a,: 

4 

21 

3 WE 

A 3 [ 

5 

20 

3 OE 

a 2 C 

6 

19 

3 A , 0 

a, c 

7 7C128Ai 8 

3 CE 

Ao C 

8 

17 

3 i/o 7 

l/Oo C 

9 

16 

3 i/o 6 

I/O, C 

10 

15 

3 i/o 6 

I/O, C 

11 

14 

3 i/o 4 

gndC 

12 

13 

3 i/o 3 


LCC 
Top View 

JP4P4-I!.? 


A 

>4 

U 22< 

A 3 

>5 

211 

a 2 

16 

201 

a, 

»7 

7C128A 191 

Ao 

18 

181 

l/Oo 

>9 

171 

I/O, 

»10 

161 
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7C128A-15 

7C128A-20 

7C128A-25 

7C128A-35 

7C128A-45 

7C128A-55 

Maximum Access Time (ns) 

15 

20 

25 

35 

45 

55 

Maximum Operating 
Current (mA) 

Commercial 

120 

100 

100 

100 

100 

80 

Military 


125 

125 

100 

100 

100 

Maximum Standby 
Current (mA) 

Commercial 

40/40 

40/20 

20 

20 

20 

20 

Military 


40/20 

40 

20 

20 

20 
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CY7C128A 


CYPRESS 

r SEMICONDUCTOR 


Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature -65°Cto + 150 °C 

Ambient Temperature with 

Power Applied -55°Cto + 125 °C 

Supply Voltage to Ground Potential 

(Pin 28 to Pin 14) - 0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State - 0.5V to + 7.0V 

DC Input Voltage - 3.0V to + 7.0V 

Output Current into Outputs (Low) 20 mA 


Electrical Characteristics Over the Operating Range 121 


Static Discharge Voltage > 2001V 

(per MIUSTD-883, Method 3015) 

Latch-Up Current > 200 mA 


Operating Range 


Range 

Ambient 

Temperature 

V C c 

Commercial 

0°C to + 70°C 

5V ± 10% 

Military 111 

- 55 °C to + 125 °C 

5V ± 10% 


Parameters 

Description 

Test Conditions 

7C128A-15 

7C128A-20 

7C128A-25, 

35,45 

7C128A-55 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

z 

o 

> 

Output HIGH 
Voltage 


2.4 


H 


H 


2.4 


V 

K 

Output LOW 
Voltage 

Vcc = Min., Iql — 8.0 mA 


0.4 


0.4 


0.4 


0.4 

V 

V IH 

Input HIGH 
Voltage 


2.2 


2.2 


2.2 

H 

2.2 


■ 

m 

Input LOW 
Voltage 131 


-0.5 

0.8 

-0.5 

0.8 

-0.5 

0.8 

-0.5 

0.8 

V 

Iix 

Input Load 
Current 

GND <. V, <. V cc 

-10 

+ 10 

-10 

+ 10 

-10 

+ 10 

-10 

+ 10 

P-A 

loz 

Output Leakage 
Current 

GND .<_ Vi _<. V cc 

Output Disabled 

-10 

+ 10 

-10 

+ 10 

-10 

+ 10 

-10 

+ 10 

pA 

los 

Output Short 
Circuit Current 141 

V cc = Max., Vqut = GND 


-300 


-300 


-300 


-300 

mA 

fee 

V C c Operating 
Supply Current 

V C c = Max. 

Iout = 0 mA 

Com’l 


120 


100 


100 


80 

mA 

Mil 

25 

■ 

■ 

■ 

125 

■ 

125 

■ 

100 

35,45 

125 

100 

100 

IsBl 

Automatic CE 

Power-Down 

Current 

Max. Vcc, 

CE _>V IH , 

Min. Duty Cycle 
= 100% 

Com’l 


40 


40 


20 


20 

mA 

Mil 

25 

■ 

■ 

■ 

40 

■ 

40 

■ 

20 

35,45 

40 

20 

20 

IsB2 

Automatic CE 

Power-Down 

Current 

Max. Vcc, 

CEi >. V cc -0.3V, 
V IN ^ V cc -0.3V 
or V , N < 0.3V 

Com’l 


40 


20 


20 


20 

mA 

Mil 




20 


20 


20 


Notes: 

1. Ta is the “instant on” case temperature. 

2. See the last page of this specification for Group A subgroup testing 
information. 


3. V|l min. = -3.0V for pulse durations less than 30 ns. 

4. Not more than 1 output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 





















































































































CY7C128A 


Parameters 

Description 

ClN 

Input Capacitance 

CoUT 

Output Capacitance 


Test Conditions 



5. Tested initially and after any design or process changes that may affect 
these parameters. 

AC Test Loads and Waveforms 

R1 481X1 R1481.0, 


INCLUDING 
JIG AND — 
SCOPE ” 



INCLUDING 
JIG AND 
SCOPE 


ALL INPUT PULSES 
>90% ~k 


Equivalent to: THEVENIN EQUIVALENT c 

167X1, 

OUTPUT O — O 1.73V 

Switching Characteristics Over the Operating Range 12 ' 61 


Parameters 


READ CYCLE 


tRC 



Description 


Read Cycle Time 


Address to Data Valid 


Data Hold from Address Change 


CE LOW to Data Valid 


OE LOW to Low Z 


OE HIGH to High Z 1?1 


CE LOW to Low Zl* 1 


CE HIGH to High Zl 7 ' 81 


tpD 


WRITE CYCLE 191 


twc 



Write Cycle Time 




Address Set-Up to Write End 


Address Hold from Write End 


Address Set-Up to Write Start 


Data Set-Up to Write End 


Data Hold from Write End 


WE LOW to High Z 1?1 























































































































































CY7C128A 



Switching Characteristics Over the Operating Range (continued) 


7C128A-3S 7C128A-45 7C128A-55 

Parameters Description Min. Max. Min. Max. Min. Max. Units 

READ CYCLE r ___ 

t RC Read Cycle Time 35 45 55 ns 

tAA Address to Data Valid 35 45 55 ns 

t 0 HA Data Hold from Address Change 5 5 5 ns 



Notes: 

6. "test conditions assume signal transition time of 5 ns or less, timing ref- 
erence levels of 1.5V, input pulse levels of 0 to 3.0V, and output load- 
ing of the specified Ioi/Ioh and 30-pF load capacitance. 

7. tnzoE. tHZCE. and tnzwE are specified with C L = 5 pF as in part (b) 
of AC Test Loads. Transition is measured ±500 mV from steady state 
voltage. 

8. At any given temperature and voltage condition, t HZCE is less than 
Ilzce f° r any given device. 

9. The inter nal w rite time of the memory is defined by the overlap of CE 
LOW and WE LOW. Both signals must be LOW to initiate a write and 


either signal can terminate a write by going HIGH. The data input set- 
up and hold timing should be referenced to the rising edge of Ihe signal 
that terminates the write. 

10. WE is HIGH for read cycle. 

11. Device is continuously selected. OE, CE = Vil. 

12. Address valid prior to or coincident with CE transition LOW. 

1 3. Data I/O pins enter high-impedance state, as shown, when OE is held 
LOW during write. 

14. If CEgoes HIGH simultaneously with WE HIGH, the output remains 
in a high-impedance state. 
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Switching Waveforms (continued) 


Write Cycle No. 2 (CE Controlled) [9, 13, 141 



Topical DC and AC Characteristics 


NORMALIZED SUPPLY CURRENT 



4.0 4.5 5.0 5.5 6.0 


NORMALIZED SUPPLY CURRENT 



0.0 I 1 1 

-55 25 125 


OUTPUT SOURCE CURRENT 



0.0 1.0 2.0 3.0 4.0 


SUPPLY VOLTAGE (V) 


AMBIENT TEMPERATURE (°C) 


OUTPUT VOLTAGE (V) 


NORMALIZED ACCESS TIME 



4.0 4.5 5.0 5.5 6.0 


NORMALIZED ACCESS TIME 
vs. AMBIENT TEMPERATURE 



-55 25 125 


OUTPUT SINK CURRENT 



0.0 


1.0 


2.0 


3.0 


4.0 


SUPPLY VOLTAGE (V) 


AMBIENT TEMPERATURE (°C) 


OUTPUT VOLTAGE (V) 
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CYPRESS 

■ p- SEMICONDUCTOR 


Typical DC and AC Characteristics (continued) 


TYPICAL POWER-ON CURRENT TYPICAL ACCESS TIME CHANGE 



NORMALIZED I cc vs. CYCLE TIME 
1.4 

1.3 

1.2 

1.1 

1.0 

0.9 
0.8 

0 10 20 30 40 



SUPPLY VOLTAGE (V) 


CAPACITANCE (pF) 


CYCLE FREQUENCY (MHz) 


Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

15 

CY7C128A-15PC 

P13 

Commercial 

CY7C128A-15VC 

V12 

CY7C128A-15DC 

D14 

CY7C128A-15LC 

L53 

20 

CY7C128A-20PC 

P13 

Commercial 

CY7C128A-20VC 

V13 

CY7C128A-20DC 

D14 

CY7C128A-20LC 

L53 

C Y7C 128 A-20DMB 

D14 

Military 

CY7C128A-20LMB 

L53 

C Y7C 128 A-20KMB 

K73 

25 

C Y7C 128 A-25PC 

P13 

Commercial 

C Y7C 128A-25 V C 

V13 

C Y7C 128A-25DC 

D14 

C Y7C 128A-25LC 

L53 

C Y7C 128A-25DMB 

D14 

Military 

CY7C128A-25LMB 

L53 

CY7C 128A-25KMB 

K73 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

35 

CY7C128A-35PC 

P13 

Commercial 


CY7C128A-35VC 

V12 



C Y7C 128 A-35DC 

D14 



C Y7C 128 A-35LC 

L53 



CY7C 128 A-35DMB 

D14 

Military 


CY7C128A-35LMB 

L53 



CY7C 128 A-35KMB 

K73 


45 

CY7C128A-45PC 

P13 

Commercial 


CY7C 128A-45 V C 

V13 



C Y7C 128A-45DC 

D14 



C Y7C 128 A-45LC 

L53 



CY7C128A-45DMB 

D14 

Military 


C Y7C 128 A-45LMB 

L53 



CY7C128A-45KMB 

K73 


55 

CY7C128A-55PC 

P13 

Commercial 


CY7C128A-55VC 

V13 



C Y7C 128A-55DC 

D14 



CY7C128A-55LC 

L53 



CY7C128A-55DMB 

D14 

Military 


CY7C128A-55LMB 

L53 



CY7C128A-55KMB 

K73 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 


Parameters 

Subgroups 

V OH 

1,2,3 

Vql 

1, 2,3 

V, H 

1,2,3 

Vjl Max. 

1,2,3 

Iix 

1,2,3 

loz 

1,2,3 

Icc 

1, 2,3 

IsB 

1,2,3 


Switching Characteristics 


Parameters 

Subgroups 

READ CYCLE 

tRC 

7, 8, 9, 10, 11 

Iaa 

7, 8, 9, 10, 11 

toHA 

7, 8, 9, 10, 11 

Iace 

7, 8, 9, 10, 11 

tDOE 

7, 8, 9, 10, 11 

WRITE CYCLE 

twc 

7, 8, 9, 10, 11 

tsCE 

7, 8, 9, 10, 11 

tAW 

7, 8, 9, 10, 11 

tHA 

7, 8, 9, 10, 11 

tsA 

7, 8, 9, 10, 11 

tpWE 

7, 8, 9, 10, 11 

tsD 

7, 8, 9, 10, 11 

Ihd 

7, 8, 9, 10, 11 


Document #: 38-00094-B 
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CY7C130/CY7C131 

CY7C140/CY7C141 



Features 

• 0.8-micron CMOS for optimum 
speed/power 

• Automatic power-down 

• TTL-compatible 

• Capable of withstanding greater than 
20O1V electrostatic discharge 

• Fully asynchronous operation 

• Master CY7C130/CY7C131 easily ex- 
pands data bus width to 16 or more 
bits using SLAVE CY7C140/ 
CY7C141 

• BUSY out put flag on CY7C130/ 
CY7C131; BUSY input on 
CY7C140/CY7C141 

• INT flag for port-to-port 
communication 


Functional Description 

The CY7C130/CY7C 13 1/CY7C140/ 
CY7C141 are high-speed CMOS IK by 8 
dual-port static RAMs. Two ports are pro- 
vided permitting independent access to any 
location in memory. The CY7C130/ 
CY7C131 can be utilized as either a 
standalone 8-bit dual-port static RAM or as 
a master dual-port RAM in conjunction 
with the CY7C140/CY7C141 slave dual- 
port device in systems requiring 16-bit or 
greater word widths. It is the solution to 
applications requiring shared or buffered 
data, such as cache memory for DSP, bit- 
slice, or multiprocessor designs. 


Each port has independent cont rol pins; chip 
enable (CE) , write enable (WE), and output 
enab le (QE) . Tw o flags are pr ovided on each 
port, BUSY and INT. BUSY signals that the 
port is trying to access the same location cur- 
rently being accessed by the other port. INT 
is an interrupt flag indicating that data has 
been placed in a unique location by the other 
port. An automatic power-down feature is 
controlled independently on each port by the 
chip enable (CE) pin. 

The CY7C130 and CY7C140 are available in 
both 48-pin DIP and 48-pin LCC. The 
CY7C131 and CY7C141 are available in 
both 52-pin LCC and PLCC. 

A die coat is used to insure alpha immunity. 


Logic Block Diagram 


Pin Configurations 



Cl 30-1 


DIP 

Top View 



Cl 30-2 


Notes: 

1. CY7C130/CY7C131 (Master): BUSY is open drain output and requires pull-up resistor. 
CY7C140/CY7C141 (Slave): BUSY is input. 

2. Open drain outputs: pull-up resistor required. 




CY7C130/CY7C131 

CY7C140/CY7C141 



CYPRESS 

SEMODNDUCTOR 


Pin Configurations (continued) 


52-Pin LCC/PLCC 
Top View 


.rtl'Sislifig'Jkfi 


cc cc cc cc 


^ «J ID fv-7 -7 O I- N O ^ m (D 

oggo z g 5 o o o q o o 


48-Pin LCC 
Top View 




( 



I 

( 

' 


I 

Ail 

a 


46 < 

, OE„ 

Aab 

7 


42 < 

■ Aor 

A*. 

9 


45 < 

■ Aor 

Aaf 

8 


41 < 

| Am 

A 3 L 

10 


44< 

| Air 

A^i 

9 


40 < 

| A^r 

A*l 

11 


43 J 

| A 2 R 

a*.: 

10 


39 < 

1 A 3 R 

A 5 L 

12 


42 J 

| A3fl 

Astb 

11 


38 < 

1 A 4 R 

Aa 

13 

7C130/7C131 

41 5 

1 A 4 R 


12 

7C130/7C131 

37 J 

1 A 5 R 

A 7 L 

14 

7C140/7C141 

40^ 

! Ash 

A 7i p 

13 

7C140/7C141 

36 S 

| Adh 

Am. 

15 


39 < 

| Ahh 

Aa.f 

14 


35 5 

| A 7 r 

Agt 

16 


38 V 

| A 7 H 


15 


34 \ 

1 A©r 

I/Ool 

17 


37 s 

| Ash 

i/ooti 

18 


33 K 

1 Aqr 

t/0 1L 

18 


36 1 

| Asr 

l/0,L f 

17 


32 < 

| I/O 7 R 

1/OjfL 

19 


35 < 

| NC 

l/Oa.5 

18 


31 < 

1 I/06R 

l/Oa 

20 


34 < 

1 I/O 7 R 

V 

V 

19 20 21 22 23 24 25 26 27 28 29 30 J 

1 


_J _J _J _J JQ cc cc cc cc cc cc 

CO ^ Ui © S7 o T- w CO ^ Ifl 

qqq pp z pppppp 


Selection Guide 



7030-25 

7C 131*25 

7C 140-25 
7C141-25 

7C1 30-35 
7C131-35 
7C140-35 
7041-35 

7030- 45 

7031- 45 

7040- 45 

7041- 45 

7030- 55 

7031- 55 

7040- 55 

7041- 55 

Maximum Access Time (ns) 

25 

35 

45 

55 

Maximum Operating 
Current (mA) 

Commercial 

. • 170 

120 

90 

90 

Military 


170 

120 

120 

Maximum Standby 
Current (mA) 

Commercial 

• 65 1 

45 

35 

35 

Military 


65 

45 

45 


Shaded area contains preliminary information. 


Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature -65°Cto + 150° °C 

Ambient Temperature with 

Power Applied -55°Cto + 125 °C 

Supply Voltage to Ground Potential 

(Pin 48 to Pin 24) - 0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State - 0.5V to + 7.0V 

DC Input Voltage - 3.5V to + 7.0V 

Output Current into Outputs (Low) 20 mA 


> 2001V 
>200 mA 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70 °C 

5V ± 10% 

Military! 3 ! 

- 55 °C to + 125 °C 

5V ± 10% 


Static Discharge Voltage 

(per MII^STD-883, Method 3015) 
Latch-Up Current 
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CY7C130/CY7C131 

CY7C140/CY7C141 


Parameters 

Description 

Test Conditions 

7Cl30-2S 
7CJ 31-25 
7C140-25 
7C141-25 

7C 130-35 
7C131-35 
7C140-35 
7C141-35 

7C130-45, 55 
7C131-45, 55 
7C140-45, 55 
7C141-45, 55 

Units 

WM 

®s 



Min. 

Max. 

VOH 

Output HIGH Voltage 

Vcc = Min., Ioh = — 4.0 m A 

«|g 

Bill 



2.4 


n 

VoL 

Output LOW Voltage 

Iol = 4.0 mA 

HHH 

mm 




0.4 

V 

I OL = 16 0 mA 151 

1111 

m 


0.5 


0.5 


V, H 

Input HIGH Voltage 


HB 

mill 

2.2 


2.2 


warn 

V IL 

Input LOW Voltage 


11111 

iBl 


mm 


0.8 

V 

Iix 

Input Load Current 

GND <_ V, <_ V cc 

iiiii 

+ 5 

-5 

+ 5 

-5 

+ 5 

pA 

loz 

Output Leakage 

Current 

GND <. V 0 <L Vcc, 

Output Disabled 



-5 

+ 5 

-5 

+ 5 

pA 

los 

Output Short 

Circuit Current 161 

V C c = Max., 

Vour = GND 


-350 


-350 


-350 

mA 

Icc 

Vcc Operating Supply 
Current 

CE = V IL 

Outputs Open 
f = Imax 

Com’l 

HI 

170 


120 


90 

mA 

Mil 

m 



170 


120 

mA 

IsBl 

Standby Current 

Both Ports, TTL Inputs 

CE l and CE R _> V 1H 

f = f.MAX 

Com’l 

hii 

65 


45 


35 

mA 

Mil 




65 


45 

mA 

IsB2 

Standby Current 

One Port, TTL Inputs 

CEl and CEr _>, Vih 

Active Port Outputs Open 
f = 1 "max 

Com’l 

m 

115 


90 


75 

mA 

Mil 


§§§§§g 


115 


90 

mA 

IsB3 

Standby Current 

Both Ports, 

CMOS Inputs 

Both Ports CE l and 

CEr >. V cc - 0.2V 

V IN ^ V cc -0.2V or 

V, N <.0.2V,f = 0 

Com’l 


15 


15 

| 

15 

mA 

Mil 

■ 

■1 


15 

| 

15 

mA 

IsB4 

Standby Current 

One Port, CMOS Inputs 

One Port CE l or 

CE R ^ V cc -0.2V, 

V, N >. V cc - 0.2V or 

V, N <. 0.2V, 

Active Ports Outputs Open, 
f = Liax 

Com’l 


105 


85 

■ 

70 

mA 

Mil 

■ 

■ 

■ 

105 


85 

mA 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Qn 

Input Capacitance 


10 

pF 

CqUT 

Output Capacitance 

10 

pF 


Electrical Characteristics Over the Operating Ranged 


Shaded area contains preliminary information. 

Capacitance ! 71 


Notes: 

3. Ta is the “instant on” case temperature 

4. See the last page of this specification for Group A subgroup testing 
information. 

5. BUSY and INT pins only. 

6. Duration of the short circuit should not exceed 30 seconds. 

7. Tested initially and after any design or process changes that may affect 
these parameters. 

8. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5V, input pulse levels of 0 to 3.0V and output 
loading of the specified Iqi/Ioh, and 30-pF load capacitance. 


9. t H zcE and Ihzwe are tested with Cl = 5pF as in part (b) of AC Test 
Loads. Transition is measured ± 500 mV from steady state voltage. 

10. At any given temperature and voltage condition, tnz is les s than t L z 
for any given device. 

11. The intern al wr ite time of the memory is defined by the overlap of CS 
LOW and WE LOW. Both signals must be low to initiate a write and 
either signal can terminate a write by going high. The data input set-up 
and hold timing should be referencd to the rising edge of the signal 
that terminates the write. 
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CY7C130/CY7C131 

CY7C140/CY7C141 


AC Test Loads and Waveforms 

R14810. 


5V »- 

OUTPUT®- 


30 pF : 

INCLUDING 
JIG AND - 
SCOPE 


R2 

2550. 


(a) 


OUTPUT °" 


5pF T 


INCLUDING 
JIG AND ‘ 
SCOPE 


R2 

2550. 


(b) 


ALL INPUT PULSES 


Equivalent to: THEVENIN EQUIVALENT 

1670. 

OUTPUT O VVV 0 1.73V 


3.0V 

GND 


10% J 

f 

90% 

i 

i 5 ns 




BUSY 

OR O- 

INT 


2800. 


30 pF 


BUSY Output Load 
(CY7C130/CY7C131 ONLY) 



Switching Characteristics Over the Operating Range' 4 ' 81 


Parameters 

Description 

7030- 25 

7031- 25 
7040*25 

7C 141-25 

7C 130-35 
7031-35 

7040- 35 

7041- 35 

7030- 45 

7031- 45 

7040- 45 

7041- 45 

7030- 55 

7031- 55 

7040- 55 

7041- 55 

Units 

Min. j Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

tRC 

Read Cycle Time 

2S 


35 


45 


55 


ns 

t/\A 

Address to Data Valid 


25 


35 


45 


55 

ns 

toHA 

Data Hold from Address Change 



0 


0 


0 


ns 

tACE 

CE LOW to Data Valid 

m 

1 30 


35 


45 


55 

ns 

tDOE 

OE LOW to Data Valid 


15 


20 


25 


25 

ns 

tLZOE 


3 


3 


3 


3 


ns 

tHZOE 

OE HIGH to High Z' 9 > 


ill 


20 


20 


25 

ns 

tLZCE 

CE LOW to Low Z> 101 

5 


5 


5 


5 


ns 

tHZCE 

CE HIGH to High Z> 9 ' 101 

MMj 

■MMi 


20 


20 


25 

ns 

tpu 


0 


0 


0 


0 


ns 

tpD 

CE HIGH to Power-Down 

IPIIII 

25 


35 


35 


35 

ns 

WRITE CYCLE' 111 

twc 

Write Cycle Time 

25 


35 


45 


55 


ns 

tsCE 


.. 20 


30 


35 


40 


ns 

Uw 

Address Set-Up to Write End 

20 

111 

30 


35 


40 


ns 

tHA 

Address Hold from Write End 

2 


2 


2 


2 


ns 

tsA 

Address Set-Up to Write Start 



0 


0 


0 


ns 

tpWE 

WE Pulse Width 

ill 


25 


30 


30 


ns 

tsD 

Data Set-Up to Write End 

15 r 

— 

15 


20 


20 


ns 

tHD 

Data Hold from Write End 

0 

MM 

0 


0 


0 


ns 

tHZWE 

WE HIGH to High Z 


15 


20 


20 


25 

ns 

tLZWE 

WE HIGH to Low Z 

0 


0 


0 


0 


ns 


Shaded area contains preliminary information. 
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SEMODNDUCTOR 


CY7C130/ CY7C131 
CY7C140/CY7C141 


Switching Characteristics Over the Operating Range 14,81 (Continued) 


Parameters 

Description 

BUSY/INTERRUPT TIMING 

Ibla 


Ibha 

BUSY HIGH from Address Mismatch' 121 jj 

tBLC 

BUSY LOW from CE LOW 

tBHC 

BUSY HIGH from CE HIGH' 121 

tps 

Port Set Up for Priority 

twB 1 * 31 

WE LOW after BUSY LOW 

twH 

WE HIGH after BUSY HIGH 

tfiDD 

BUSY HIGH to Valid Data 

tDDD 

Write Data Valid to Read Data Valid 

twDD 

Write Pulse to Data Delay 

INTERRUPT TIMING 

twiNS 

WE to INTERRUPT Set Time 

tEINS 

CE to INTERRUPT Set Time 

tlNS 

Address to INTERRUPT Set Time 

toiNR 

OE to INTERRUPT Reset Time' 121 

Ieinr 

CE to INTERRUPT Reset Time' 121 

tlNR 

Address to INTERRUPT Reset Time' 121 




Shaded area contains preliminary information. 

Notes: 

12. These parameters are measured from the input signal changing, until 
the output pin goes to a high-impedance state. 

13. CY7C140/CY7C141 only. 

14. A write operation on Port A, where Port A has priority, leaves the data 
on Port B’s outputs undisturbed until one access time after one of the 
following: 

A. BUSY on Port B goes HIGH. 

B. Port B’s address is toggled. 

C. CE for Port B is toggled. 

D. WE for Port B is toggled. 

Switching Waveforms 

Read Cycle No. I 115, 161 


45 

ns 

45 

ns 

45 

ns 

45 

ns 

45 

ns 

45 

ns 


15. WE is HIGH for read cycle. 

16. Device is continuously selected, CS = Vil and OE = V IL . 

17. Address valid prior to or coincident with CE transition LOW. 

18. Data I/O pins enter high-impedance state as shown, when OE is held 
LOW during write. 


Either Port Address Access 

ffiC 


PREVIOUS DATA VALID 


DATA VALID 
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CY7C130/CY7C131 

CY7C140/CY7C141 
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Switching Waveforms (continued) 








CY7C130/CY7C131 

WMtJfcm CY7C140/CY7C141 

=■ SEMm^Ducro? ... , ===== ;; = = 


Switching Waveforms (continued) 


Write Cycle No. 2 I 11 - 1S ! 


Either Port 



Busy Timing Diagram No. 1 (CE Arbitration) 


CE L Valid First: 
ADDRESSr — 
LANDR — 


CE R Valid First: 


X 


ADDRESS MATCH 


X 



ADDRESS 
LAND R 



ADDRESS MATCH 


X 
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CY7C130/CY7C131 

CY7C140/CY7C141 



Switching Waveforms (continued) 

Busy Timing Diagram No. 2 (Address Arbitration) 


Left Address Valid First: 



C130-14 


Right Address Valid First: 



2 - 6 : 
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NORMALIZED t PC NORMALIZED NORMALIZED I 


CY7C130/CY7C131 

CY7C140/CY7C141 



Typical DC and AC Characteristics 


NORMALIZED SUPPLY CURRENT NORMALIZED ACCESS TIME OUTPUT SOURCE CURRENT 



SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) OUTPUT VOLTAGE (V) 


NORMALIZED ACCESS TIME NORMALIZED ACCESS TIME 

vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE 




OUTPUT SINN CURRENT 
vs. OUTPUT VOLTAGE 



SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) OUTPUT VOLTAGE (V) 


TYPICAL PON EROONCURRENT TYPICAL ACCESS TIME CR ANGE 

vs. SUPPLY VOLTAGE vs. OUTPUT LOADING 



NORMALIZED I cc vs. CYCLE TIME 



10 20 30 40 


CYCLE FREQUENCY (MHZ) 
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CY7C130/ CY7C131 
CY7C140/CY7C141 


Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

2 $ 

CY7C1 30-25PC 

: W • 

Commercial: 

CT7C130-25DC 

BISl 


m 

35 

CY7C130-35PC 

P25 

Commercial 

CY7C130-35DC 

D26 

CY7C130-35LC 

L68 

CY7C130-35DMB 

D26 

Military 

CY7C130-35LMB 

L68 

45 

CY7C130-45PC 

P25 

Commercial 

CY7C130-45DC 

D26 

CY7C130-45LC 

L68 

CY7C130-45DMB 

D26 

Military 

CY7C130-45LMB 

L68 

55 

CY7C130-55PC 

P25 

Commercial 

CY7C130-55DC 

D26 

CY7C130-55LC 

L68 

CY7C130-55DMB 

D26 

Military 

CY7C130-55LMB 

L68 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

25 

CY7C 13 1-251 X? 

L69 

Commercial 

CY7C131.-25JC 

169 

35 

CY7C131-35LC 

L69 

Commercial 

CY7C131-35JC 

J69 

C Y7C 13 1-35LMB 

L69 

Military 

45 

CY7C131-45LC 

L69 

Commercial 

CY7C131-45JC 

J69 

CY7C131-45LMB 

L69 

Military 

55 

CY7C131-55LC 

L69 

Commercial 

CY7C131-55JC 

J69 

CY7C131-55LMB 

L69 

Military 


Shaded area contains preliminary information. 


EH 

Ordering Code 

Package 

Type 

Operating 

Range 

25 

: ’ ■ 

CY7C140-25PC 

P25 

Commercial 

CY7C140-2SDC 

D26 

CY7C140-25LC 

t : m* 


CY7C140-35PC 

P25 

Commercial 

CY7C140-35DC 

D26 

CY7C140-35LC 

L68 

CY7C140-35DMB 

D26 

Military 

CY7C140-35LMB 

L68 


CY7C140-45PC 

P25 

Commercial 

CY7C140-45DC 

D26 

CY7C140-45LC 

L68 

CY7C140-45DMB 

D26 

Military 

CY7C140-45LMB 

L68 


CY7C140-55PC 

P25 

Commercial 

CY7C140-55DC 

D26 

CY7C140-55LC 

L68 

CY7C140-55DMB 

D26 

Military 

CY7C140-55LMB 

L68 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

25 

CY7C141-25LC 

Jj6 9 

Commercial 

CY7C141-25JC 

J69 

35 

CY7C141-35LC 

L69 

Commercial 

CY7C141-35JC 

J69 

CY7C 141-35LMB 

L69 

Military 

45 

CY7C141-45LC 

L69 

Commercial 

CY7C141-45JC 

J69 

CY7C141-45LMB 

L69 

Military 

55 

CY7C141-55LC 

L69 

Commercial 

CY7C141-55JC 

L69 

CY7C141-55LMB 

L69 

Military 






























































































CY7C130/CY7C131 

CY7C140/CY7C141 



MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 


Parameters 

Subgroups 

V OH 

1,2,3 

Vql 

1,2,3 

V , H 

1,2,3 

V, L Max. 

1,2,3 

Ik 

1,2,3 

Iqz 

1,2,3 

los 

1,2,3 

Icc 

1, 2,3 

IsBl 

1, 2,3 

ISB2 

1, 2,3 

IsB3 

1,2,3 

IsB4 

1,2,3 


Switching Characteristics 


Parameters 

Subgroups 

READ CYCLE 

Irc 

7, 8, 9, 10, 11 

t/VA 

7, 8, 9, 10, 11 

toHA 

7, 8, 9, 10, 11 

tACE 

7, 8, 9, 10, 11 

tDOE 

7, 8, 9, 10, 11 

WRITE CYCLE 

twc 

7, 8, 9, 10, 11 

tsCE 

7, 8, 9, 10, 11 

tAW 

7, 8, 9, 10, 11 

tHA 

7, 8, 9, 10, 11 

tsA 

7, 8, 9, 10, 11 

tpWE 

7, 8, 9, 10, 11 

tsD 

7, 8, 9, 10, 11 

tflD 

7, 8, 9, 10, 11 


Document #: 38-00027-D 


Parameters 

Subgroups 

BUSY/INTERRUPT TIMING 

tBLA 

7, 8, 9, 10, 11 

Ibha 

7, 8, 9, 10, 11 

Iblc 

7, 8, 9, 10, 11 

Ibhc 

7, 8, 9, 10, 11 

tps 

7, 8, 9, 10, 11 

twiNS 

7, 8, 9, 10, 11 

Ieins 

7, 8, 9, 10, 11 

tlNS 

7, 8, 9, 10, 11 

toiNR 

7, 8, 9, 10, 11 

tEINR 

7, 8, 9, 10, 11 

tlNR 

7, 8, 9, 10, 11 

BUSY TIMING 

twB 1191 

7, 8, 9, 10, 11 

twH 

7, 8, 9, 10, 11 

tBDD 

7, 8, 9, 10, 11 

tDDD 

7, 8, 9, 10, 11 

twDD 

7, 8, 9, 10, 11 


Note: 

19. CY7C140 only. 
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CY7C132/CY7C136 

CY7C142/CY7C146 


CYPRESS 
SEMICONDUCTOR 


2048 x 8 Dual-Port 
Static RAM 


Features 

• 0.8 micron CMOS for optimum 
speed/power 

• Automatic power-down 

• TTL-compatible 

• Capable of withstanding greater than 
2001V electrostatic discharge 

• Fully asynchronous operation 

• MASTER CY7C132/CY7C136 easily 
expands data bus width to 16 or 
more bits using SLAVE 
CY7C142/CY7C146 

• BUSY out put flag on CY7C132/ 
CY7C136; BUSY input on 
CY7C142/CY7C142 

• INT flag for port-to-port communi- 
cation (LCC/PLCC versions) 


Functional Description 

The CY7C132/CY7C136/CY7C142/ 
CY7C146 are high-speed CMOS 2K by 8 
dual-port static RAMS. Two ports are pro- 
vided permitting independent access to any 
location in memory. The CY7C132/ 
CY7C136 can be utilized as either a stand- 
alone 8-bit dual-port static RAM or as a 
MASTER dual-port RAM in conjunction 
with the C Y7C 142/C Y7C146 SLAVE dual- 
port device in systems requiring 16-bit or 
greater word widths. It is the solution to 
applications requiring shared or buffered 
data such as cache memory for DSP, bit- 
slice, or multiprocessor designs. 

Each port has independent co ntrol pins; 
Chip Enable (CE), Write Enable (WE), and 


Output Enable (OE). BUSY flags are pro- 
vided on each port. In addition, an interrupt 
flag (INT) is provided on ea ch port of the 
52-pin LCC or PLCC versions. BUSY signals 
that the port is trying to access the same loca- 
tion currently be accessed b y the other port. 
On the LCC/PLCC versions, INT is an inter- 
rupt flag indicating that data has been placed 
in a unique location by the other port. 

An automatic power-down feature is con- 
trolled independently on each port by the 
Chip Enable (CE) pin. 

The CY7C132/CY7C142 are available in 
both 48-pin DIP and 48-pin LCC. The 
CY7C136/CY7C146 are available in both 
52-pin LCC and 52-pin PLCC. 

A die coat is used to insure alpha immunity. 


Logic Block Diagram 


Pin Configuration 


FVW l 

CE, 

OE, 

Aiol 

A 7L 


I/Ool 


I/Otl 

bOsvji) 


a 5L 

Aql 


INT l (2. 6) 



R/W„ 

CEr 

OEr 

A 10R 

A 7R 

I/O* 

l/Om 

B0SY„(1) 

Aor 

Aqr 


INTr(2. 6) 


C132-1 


DIP 

Top View 


CE, C 1 
R/W, C 2 
BUSY, C 3 
Apt C 4 

OE, C 5 
Aol C 6 
Ail C 7 
A& C 8 
A*. C 9 
A*l C 10 
As. [ 11 

As C 12 

At, C 13 
As C 14 
As. C 15 
I/Oq, C 18 
l/0, L C 17 
l/O a C 18 

I/Os C 19 

l/0 4l C 20 
I/Os. C 21 
I/Os C 22 
I/Otl C 23 
GND C 24 


Notes: 

1. CY7C132/CY7C136 (Master): BUSY is open drain output and requires pull-up resistor. 
CY77C142/CY7C146 (Slave): BUSY is input. 

2. Open drain outputs; pull-up resitor required. 
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CY7C132/CY7C136 

CY7C142/CY7C146 



Pin Configurations (continued) 

LCC LCC 

Top View Top View 



Selection Guide 



Maximum Access Time (ns) 


Commerical 


Military 


Commerical 


Military 


Shaded area contains preliminary information. 


Maximum Operating 
Current (mA) 


Maximum Standby 
Current (mA) 


7C 132-25 

7C 136-25 

7C 142-25 
7C146rr25 : ”/• 

7C132-35 

7C136-35 

7C142-35 

7C146-35 

7C132-45 

7C136-45 

7C142-45 

7C146-45 

7C132-55 

7C136-55 

7042-55 

7046-55 

25 1111 

35 

45 

55 

170 

120 

90 

90 


170 

120 

120 

65 

45 

35 

35 


65 

45 

45 


Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 

Storage Temperature - 65 °C to + 150°C Static Discharge Voltage > 2001V 

Ambient Temperature with <P er MIL-STD-883, Method 3015) 

Power Applied - 55 °C to + 125 °C Latch-Up Current >200 mA 


Supply Voltage to Ground Potential 

(Pin 48 to Pin 24) - 0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State - 0.5V to + 7.0V 

DC Input Voltage - 3.5V to + 7.0V 

Output Current into Outputs (Low) 20 mA 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70 °C 

5V ± 10% 

Military 131 

- 55 °C to + 125 °C 

5V ± 10% 
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'CYPRESS 

SEMICONDUCTOR 


CY7C132/CY7C136 

CY7C142/CY7C146 


Electrical Characteristics Over the Operating Ranged 





7C1 32-25 
7C 136*2$ 
7042-25 
7046-25 

7032-35 

7036-35 

7042-35 

7046-35 

7032-45, 55 
7036-45, 55 
7042-45, 55 
7046-45, 55 


Parameters 

Description 

Test Conditions 

IB111 IS11ES3 fEEM 

Min. 1 Max. 

Units 



V C c = Min., Iqh = - 4.0 mA 


Iol = 4.0 mA 


Iol = 16.0 mA |S| 


GND <_ V, <. V cc 


GND <.V 0 ^Vcc, 
Output Disabled 




Output HIGH Voltage 


Output LOW Voltage 


Input HIGH Voltage 


Input LOW Voltage 


Input Load Current 


Output Leakage 
Current 


Output Short 
Circuit Current [61 


V C c Operating 
Supply Current 


Standby Current 
Both Ports, TTL Inputs 


Standby Current 
One Port, TTL Inputs 


Standby Current 
Both Ports, 
CMOS Inputs 


Standby Current On e Port CE L or 

One Port, CMOS Inputs CE R _> V C c - 0.2V, 

V, N J> V cc -0.2V or 
V IN <. 0.2V 

Active Ports Outputs Open 

f = Imax 



0.8 

V 

+ 5 

M-A 

+ 5 

M-A 

-350 

mA 

90 

mA 

120 

mA 

35 

mA 

45 

mA 

75 

mA 

90 

mA 

15 

mA 

15 

mA 

70 

mA 

85 

mA 


Shaded area contains preliminary information. 

Capacitance 171 


Parameters 



Description 

Test Conditions 

Max. 

Units 

Input Capacitance 

T a = 25 °C, f = 1 MHz 

V cc = 5.0V 

10 

pF 

Output Capacitance 

10 

pF 


Notes: 

3. T a is the ’’instant on” case temperature 

4. See the last page of this specification for Group A subgroup testing 
information. 

5. BUSY and INT pins only. 

6. Duration of the short circuit should not exceed 30 seconds. 

7. Tested initially and after any design or process changes that may affect 
these parameters. 

8. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5V, input pulse levels of 0 to 3.0V and output 
loading of the specified Iqi^oh, and 30-pF load capacitance. 


9. tnzoE, tHZCE, and tnzwE are tested with Cl = 5pF as in part (b) of 
AC Test Loads. Transition is measured ± 500 mV form steady state 
voltage. 

10. At any given temperature and voltage condition, tnzcE is less than 
Ilzce lor any given device. 

1 1 . The inter nal w rite time of the memory is defined by the overlap of CE 
LOW and WE LOW. Both signals must be LOW to initiate a write and 
either signal can terminate a write by going HIGH. The data input set- 
up and hold timing should be referencd to the rising edge of the signal 
that terminates the write. 
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CYPRESS 

SEMKONDUCTOR 


CY7C132/CY7C136 

CY7C142/CY7C146 


AC Test Loads and Waveforms 

R1 481X1 


5V O- 
OUTPUT®- 


30 pF ; 

INCLUDING 
JIG AND ■ST 
SCOPE 


R2 

2550. 


R1 481fl, 


OUTPUT ®- 


5pF T 

INCLUDING 
JIG AND 
SCOPE 


R2 

2550. 


(a) 


Equivalent to: THEVENIN EQUIVALENT 

1670. 

OUTPUT O MW O 1.73V 


(b) 


ALL INPUT PULSES 


7[ 


N 


BUSY 

OR Q- 

INT 


30pF 


90% 
10% 


BUSY Output Load 
(CY7C 130/CY7C 13 1 ONLY) 
Cl 32-6 


Switching Characteristics Over the Operating Range 14 ' 81 


Parameters 

Description 

7032-25 

7C 136-25 
7C142-25 

7C 146-25 

7C132-35 

7C136-35 

7C 142-35 
7C146-35 

7C 132-45 
7C136-45 
7C142-45 

7C 146-45 

7C 132-55 
7C136-55 

7C 142-55 
7C146-55 

Units 

Min, 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

tRC 

Read Cycle Time 

25 


35 


45 


55 


ns 

tAA 

Address to Data Valid 


: 25 


35 


45 


55 

ns 

toHA 

Data Hold from Address Change 

0 


0 


0 


0 


ns 

tACE 

CE LOW to Data Valid 

HR 

ill 1 


35 


45 


25 

ns 

tDOE 

OE LOW to Data Valid 


'"lS ' ; 


20 


25 


25 

ns 

tLZOE 

OE LOW to Low Z 

3 


3 


3 


3 


ns 

tHZOE 

OE HIGH to High Z' 9 ' 


15 


20 


20 


25 

ns 

tLZCE 

CE LOW to Low ZD°J 

■ 5 

— 

5 


5 


5 


ns 

tHZCE 

CE HIGH to High Z> 9 ' 10 1 


ilil! 


20 


20 


25 

ns 

tpu 

CE LOW to Power-Up 

0 ;| 


0 


0 


0 


ns 

tpD 



25 


35 


35 


35 

ns 

WRITE CYCLE 1111 

twc 

Write Cycle Time 

25 


35 


45 


55 


ns 

tsCE 


20 

■H 

30 


35 


40 


ns 

tAW 

Address Set-Up to Write End 

20 


30 


35 


40 


ns 

tjiA 

Address Hold from Write End 

2 

ppppp 

2 


2 


2 


ns 

tsA 

Address Set-Up to Write Start 


■i 

0 


0 


0 


ns 

tpWE 

WE Pulse Width 

III 


25 


30 


30 


ns 

tsD 

Data Set-Up to Write End 

15 

WMM 

15 


20 


20 


ns 

tHD 

Data Hold from Write End 

ilill 


0 


0 


0 


ns 

tHZWE 

WE LOW to High Z 


: 15 


20 


20 


25 

ns 

tLZWE 

WE HIGH to Low Z 

0 


0 


0 


0 


ns 


Shaded area contains preliminary information. 
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WM CYPRESS 
• r SEMKXMXJCTOR 


CY7C132/CY7C136 

CY7C142/CY7C146 


Switching Characteristics Over the Operating Range 14, 81 (continued) 


Parameters 

Description 

BUSY/INTERRUPT TIMING 

tBLA 


tBHA 

BUSY HIGH from Address Mismatch 112 ! 

tBLC 

BUSY LOW from CE LOW 

tBHC 

BUSY HIGH from CE HIGH 112 ! 

tps 

Port Set Up for Priority 

twB^ 13 ' 

WE LOW after BUSY LOW 

twH 

WE HIGH after BUSY HIGH 

tBDD 

BUSY HIGH to Valid Data 

tDDD 

Write Data Valid to Read Data Valid 

twDD 

Write Pulse to Data Delay 

INTERRUPT TIMING 

twiNS 


tEINS 

CE to INTERRUPT Set Time 

tlNS 

Address to INT ERRUPT' Set Time 

toiNR 

OE to INTERRUPT Reset Time 112 ! 

tEINR 

CE to INTERRUPT Reset Time 112 ! 

tlNR 

Address to INT ERRUPT Reset Time 112 * 




Shaded area contains preliminary information. 

Notes: 

12. These parameters are measured from the input signal changing, until 
the output pin goes to a high-impedance state. 

13. CY7C142/CY7C146 only. 

14. A write operation on Port A, where Port A has priority, leaves the data 
on Port B’s outputs undisturbed until one access time after one of the 
foll woing: 

A. BUSY on Port B goes HIGH. 

B. Por t B’s address toggled. 

C. CE for Port B is toggled. 

D. WE for Port B is toggled. 

Switching Waveforms 

Read Cycle No. I 115, 161 


45 

ns 

45 

ns 

45 

ns 

45 

ns 

45 

ns 

45 

ns 


15. WE is HIGH for read cycle. 

16. Device is continuously selected, CS = Vil and OE = V IL . 

17. Address valid prior to or coincident with CE transition LOW. 

18. Data I/O pins enter high-impedance state, as shown when OE is held 
LOW during write. 

19. LCC version only. 


Either Port— Address Access 
t R0 


DATA OUT 


PREVIOUS DATA VALID 
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CYPRESS 

SEMJCC5NDUCTOR 


CY7C132/CY7C136 

CY7C142/CY7C146 


Switching Waveforms (Continued) 



C132-8 









yfCTFRESS 
“ SEMICONDUCTCS 


CY7C132/CY7C136 

CY7C142/CY7C146 


Switching Waveforms (Continued) 
Write Cycle No. 2' 11 ' 18 1 


Either Port 






CY7C132/CY7C136 

CY7C142/CY7C146 



Switching Waveforms (Continued) 

Busy Timing Diagram No. 2 (Address Arbitration) 


Left Address Valid First: 



Right Address Valid First: 



Write with BUSY (Slave: CY7C142/CY7C146) 
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CY7C132/CY7C136 

CY7C142/CY7C146 


Switching Waveforms (continued) 
Interrupt Timing Diagrams 1191 
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NORMALIZED tpc NORMALIZED t M NORMALIZED l C c - . k 


CY7C132/CY7C136 

CY7C142/CY7C146 



Typical DC and AC Characteristics 


NORMALIZED SUPPLY CURRENT NORMALIZED ACCESS TIME OUTPUT SOURCE CURRENT 



SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) OUTPUT VOLTAGE (V) 


NORMALIZED ACCESS TIME NORMALIZED ACCESS TIME OUTPUT SINK CURRENT 

vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE vs. OUTPUT VOLTAGE 



SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE ( 6 C) OUTPUT VOLTAGE (V) 


TYPICAL POWER-ON CURRENT TYPICAL ACCESS TIME CHANGE 

vs. SUPPLY VOLTAGE vs. OUTPUT LOADING NORMALIZED I cc vs. CYCLE TIME 



SUPPLY VOLTAGE (V) CAPACITANCE (PF) CYCLE FREQUENCY (MHZ) 
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rJB CYPRESS 
- SEMICONDUCTOR 


CY7C132/CY7C136 

CY7C142/CY7C146 


Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

25 

CY7C132-25PC 

P25 

^Cpnitneribal 

CY7C132-25DC 

D26 


L6S 

35 

CY7C132-35PC 

P25 

Commerical 

CY7C132-35DC 

D26 

CY7C132-35LC 

L68 

CY7C132-35DMB 

D26 

Military 

CY7C 132-35LMB 

L68 

45 

CY7C132-45PC 

P25 

Commerical 

CY7C132-45DC 

D26 

CY7C132-45LC 

L68 

CY7C 132-45DMB 

D26 

Military 

C Y7C 132-45LMB 

L68 

55 

CY7C132-55PC 

P25 

Commerical 

CY7C132-55DC 

D26 

CY7C132-55LC 

L68 

C Y7C 132-55DMB 

D26 

Military 

CY7C132-55LMB 

L68 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

25 

CY7C136-25LC 

1>69 

Commerical 

CY7C136-25JC 

J69 

35 

CY7C136-35LC 

L69 

Commerical 

CY7C136-35JC 

J69 

C Y7C 136-35LMB 

L69 

Military 

45 

CY7C136-45LC 

L69 

Commerical 

CY7C136-45JC 

J69 

CY7C136-45LMB 

L69 

Military 

55 

CY7C136-55LC 

L69 

Commerical 

CY7C136-55JC 

J69 

CY7C 136-55LMB 

L69 

Military 


Shaded area contains preliminary information. 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

25 

CY7C 142-25 PC 

P25 

{CjC^imeficai;; 

CY7C142-25DC 

D26 

CY7C142-25LC 

L68 

35 

CY7C142-35PC 

P25 

Commerical 

CY7C142-35DC 

D26 

CY7C142-35LC 

L68 

CY7C142-35DMB 

D26 

Military 

CY7C142-35LMB 

L68 

45 

CY7C142-45PC 

P25 

Commerical 

CY7C142-45DC 

D26 

CY7C142-45LC 

L68 

CY7C142-45DMB 

D26 

Military 

CY7C 142-45LMB 

L68 

55 

CY7C142-55PC 

P25 

Commerical 

CY7C142-55DC 

D26 

CY7C142-55LC 

L68 

CY7C 142-55DMB 

D26 

Military 

C Y7C 142-55LMB 

L68 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

11 25 

CY7C146-25LC 

14)9 

Commerical 

CY7C146-253C 

J69 

35 

CY7C146-35LC 

L69 

Commerical 

CY7C146-35JC 

J69 

CY7C146-35LMB 

L69 

Military 

45 

CY7C146-45LC 

L69 

Commerical 

CY7C 146-45 JC 

J69 

CY7C146-45LMB 

L69 

Military 

55 

CY7C146-55LC 

L69 

Commerical 

CY7C146-55JC 

L69 

C Y7C 146-55LMB 

L69 

Military 
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CY7C132/CY7C136 

CY7C142/CY7C146 



MILITARY SPECIFICATIONS 


Group A Subgroup Testing 
DC Characteristics 


Parameters 

Subgroups 

VoH 

1,2,3 

VoL 

1, 2,3 

VlH 

1,2,3 

V, L Max. 

1,2,3 

Iix 

1, 2,3 

loz 

1,2,3 

los 

1,2,3 

Icc 

1, 2,3 

IsBl 

1,2,3 

IsB2 

1, 2,3 

IsB3 

1, 2,3 

IsB4 

1,2,3 


Switching Characteristics 


Parameters 

Subgroups 

READ CYCLE 

Irc 

7, 8, 9, 10, 11 

t/\A 

7, 8, 9, 10, 11 

loHA 

7, 8, 9, 10, 11 

UcE 

7, 8, 9, 10, 11 

Idoe 

7, 8, 9, 10, 11 

WRITE CYCLE 

twc 

7, 8, 9, 10, 11 

tsCE 

7, 8, 9, 10, 11 

tAW 

7, 8, 9, 10, 11 

tHA 

7, 8, 9, 10, 11 

tsA 

7, 8, 9, 10, 11 

tpWE 

7, 8, 9, 10, 11 

tsD 

7, 8, 9, 10, 11 

tHD 

7, 8, 9, 10, 11 


Document #: 38-0006 1-C 


Parameters 

Subgroups 

BUSY/INTERRUPT TIMING 

Ibla 

7, 8, 9, 10, 11 

Ibha 

7, 8, 9, 10, 11 

tBLC 

7, 8, 9, 10, 11 

tBHC 

7, 8, 9, 10, 11 

tps 

7, 8, 9, 10, 11 

twiNS 

7, 8, 9, 10, 11 

Ieins 

7, 8, 9, 10, 11 

tlNS 

7, 8, 9, 10, 11 

toiNR 

7, 8, 9, 10, 11 

Ieinr 

7, 8, 9, 10, 11 

tlNR 

7, 8, 9, 10, 11 

BUSY TIMING 

twB !20) 

7, 8, 9, 10, 11 

twH 

7, 8, 9, 10, 11 

Ibdd 

7, 8, 9, 10, 11 

tDDD 

7, 8, 9, 10, 11 

twDD 

7, 8, 9, 10, 11 


Note: 

20. CY7C142 only. 
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Functional Description 

The CY7C147 is a high-performance 
CMOS static RAMs organized as 4096 
words by 1 bit. Easy memory expansion is 
prov ided by an active LOW chip enable 
(CE) and three-state drivers. The 
CY7C147 has an automatic power-down 
feature, reducing the power consumption 
by 80% when deselected . 


tion specified on the address pins (Ao 
through An). 

Reading the device is accomplished by 
takin g the chip enable (CE) LOW while 
(WE) remains HIGH. Under these con- 
dintions, the contents of the location spe- 
cified on the address pins will appear on 
the data output (DO) pin. 


Features 

• Automatic power-down when dese- 
lected 

• CMOS for optimum speed/power 

• High speed 

— 25 ns 

• Low active power 

— 440 mW (commercial) 

— 605 mW (military) 

• Low standby power 

— 55 mW 

• TTL-compatible inputs and outputs 

• Capable of withstanding greater than 
2001V electrostatic discharge 


Writing to the device is accomplished when 
the chip select (CE) and write enable (WE) 
inputs are both LOW. Data on the input 
pin (DI) is written into the memory loca- 


The output pin remains in a high-impe- 
dance state w hen c hip enable is HIGH, or 
write enable (WE) is LOW. 



Selection Guide 


Maximum Access 

Commercial 

Time (ns) 

Military 

Maximum Operating 

Commercial 

Current (mA) 

Military 

Maximum Standby 

Commercial 

Current (mA) 

Military 



7C147-35 

7C147-45 

35 

45 

35 

45 

80 

80 

110 

110 

10 

10 

10 

10 







































CY7C147 



Maximum Rating 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature - 65 °C to + 150 °C 

Ambient Temperature with 

Power Applied - 55 °C to + 125 °C 

Supply Voltage to Ground Potential 

(Pin 18 to Pin 9) - 0.5V to +7.0V 

DC Voltage Applied to Outputs 

in High Z State - 0.5V to +7.0V 

DC Input Voltage - 3.0V to + 7.0V 

Output Current into Outputs (LOW) 20 mA 


Static Discharge Voltage > 2001V 

(per MIL-STD-883, Method 3015) 

Latch-Up Current > 200 mA 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70 °C 

5V ± 10% 

Military 111 

- 55 °C to + 125 °C 

5V ± 10% 


Electrical Characteristics Over the Operating Range 121 


Parameters 

Description 

Test Conditions 

7C 147-25 

7C 147-35,45 

Units 

Min. 

Max. 

Min. 

Max. 

V OH 

Output High Voltage 

Vcc = Min., Ioh = "4.0 mA 

2.4 


2.4 


V 

VOL 

Output Low Voltage 

V C c = Min., I OL = 12.0 mA 


0.4 


0.4 

V 

Vj H 

Input High Voltage 


2.0 

6.0 

2.0 

6.0 

V 

V, L 

Input Low Voltage 


-3.0 

0.8 

-3.0 

0.8 

V 

Itx 

Input Load Current 

GND <. V, <_ V cc 

-10 

+ 10 

-10 

+ 10 

M-A 

loz 

Output Leakage 

Current 

GND _<_ V 0 <L V cc 

Output Disabled 

-50 

+ 50 

-50 

+ 50 

pA 

los 

Output Short 

Circuit Current 131 

Vcc ~ Max., Vqut = GND 


-350 


-350 

mA 

Icc 

V C c Operating 

Supply Current 

Vcc = Max., 

Iout ~ 0 mA 

Com’l 


90 


80 

mA 

Mil 




110 

Isb 

Automatic CE 141 
Power-Down Current 

Max. V cc , 

CE J> V IH 

Com’l 


15 


10 

mA 

Mil 




10 


Capacitance 151 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Qn 

Input Capacitance 


5 

pF 

Cqut 

Output Capacitance 

6 

Ef 


Notes: 

1. T a is the ’’instant on” case temperature. 

2. See the last page of this specification for Group A subgroup testing 
information. 

3. Duration of the short circuit should not exceed 30 seconds. 

4. A pull-up resistor to V C c on the CE in put is required to keep the device 
deselected during VCC power-up, otherwise Isb will exceed values giv- 
en. 

5. Tested initially and after any design or process changes that may af- 
fect these parameters. 

6. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5V, input pulse levels of 0 to 3.0V, and output 
loading of the specified Iol+oh and 30-pF load capacitance. 

7. At any given temperature and voltage condition, t H z is less than tLz 
for all devices. 


8. *hzce and t HZW E are tested with Cl = 5 pF as in part (b) of AC Test 
Loads. Transition is measured ± 500 mV from steady state voltage. 

9. The inter nal w rite time of the memory is defined by the overlap of CE 
LOW and WE LOW. Both signals must be LOW to intiate a write and 
either signal can teminate a write by going HIGH. The data input set- 
up and hold timing should be referenced to the rising edge of the signal 
that terminates the write. 

10. WE is HIGH for read cycle. 

11. Device is continuously selected, CE = Vjl- 

12. Address valid prior to or coincident with CE transition LOW. 

13. If CE goes HIGH simultaneously with WE HIGH, the output re- 
mains in a high-impedance state. 
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CY7C147 


rj^CTPRESS 
■F SEMICONDUCTOR 


AC Test Loads and Waveforms 

813290. 


5V O- 

OUTPUT®- 


30 pF “T 

INCLUDING 
JIG AND "ST 
SCOPE 


5V °- 

OUTPUT®- 


R1 3290, 


R2 

2550. 


5pF X 

INCLUDING 
JIG AND -2T 
SCOPE 


R2 

2550 


(a) 


(b) 


Equivalent to: 


THEVENiN EQUIVALENT 

1250 

OUTPUT O VA 


ALL INPUT PULSES 



Cl 68-5 


Switching Characteristics Over the Operating Range [6] 


Parameters 

Description 

7C147-25 

7C147-35 

7C147-45 

Units 

Min. 

Max. Min. 

Max. 

Min. 

Max. 

READ CYCLE j 

tRC 

Read Cycle Time 

25 


35 


45 


ns 

tAA 

Address to Data Valid 


25 


35 


45 

ns 

toHA 

Data Hold from Address Change 

3 


5 


5 


ns 

tACE 

CE LOW to Data Valid 


25 


35 


45 

ns 

tLZCE 

CE LOW to Low Zl ? l 

5 


5 


5 


ns 

tHZCE 

CE HIGH to High Zl 7 - 8 1 


20 


30 


30 

ns 

tpu 


0 


0 


0 


ns 

tpD 

CE HIGH to Power-Down 


20 


20 


20 

ns 

| WRITE CYCLE 19 * 

twc 

Write Cycle Time 

25 


35 


45 


ns 

tsCE 

CE LOW to Write End 

25 


35 


45 


ns 

tAW 

Address Set-Up to Write End 

25 


35 


45 


ns 

tHA 

Address Hold from Write End 

0 




0 


ns 

tsA 

Address Set-Up to Write Start 

0 




0 


ns 

tpWE 

WE Pulse Width 

15 


20 


25 


ns 

tsD 

Data Set-Up to Write End 

15 


20 


25 


ns 

tHD 

Data Hold from Write End 



10 


10 


ns 

tLZWE 

WE HIGH to Low ZUl 



0 




ns 

tHZWE 

WE LOW to High Z™ 


15 


20 


25 

ns 
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~ 1 ~ SEMODNEXJCTCR 

Switching Waveforms 

Read Cycle No. 1 [10, 111 



** tflC ► 


ADDRESS ^ 

( > 

< 


j ' 1 

< 

I 

& 


i 


DATA OUT PREVIOUS DATA VALID ^ 

<XK) 

( DATA VALID 



Cl 47-6 










SUPPLY VOLTAGE (V) 


AMBIENT TEMPERATURE (°C) 


OUTPUT VOLTAGE (V) 













CY7C147 


CYPRESS 

r? SEM1CONDUCTCS 


TYPICAL POWER-ON CURRENT 
vs. SUPPLY VOLTAGE (7C148) 


TYPICAL ACCESS TIME CHANGE 
vs. OUTPUT LOADING 



Vcc = 4.5V 


NORMALIZED I cc vs. CYCLE TIME 


Q 1 9 

H 

s 

tr 

2 1.0 


L3 — Vcc = 5.0V 
T a = 25°C 
« O _ V,N = 0.5V 


.0 2.0 3.0 4.0 

SUPPLY VOLTAGE (V) 


200 400 600 800 1000 

CAPACITANCE (pF) 

Address Designators 


T 




T 

J.8 


jjI 

L-.-J. 8lj 

IT ilB 


Address 

Name 


Address 

Function 


10 20 30 40 

CYCLE FREQUENCY (MHz) 


Pin 

Number 


Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

25 

CY7C 147-25PC 

P3 

Commercial 


CY7C147-25DC 

D4 



CY7C147-25LC 

L50 


35 

CY7C147-35PC 

P3 

Commercial 


CY7C147-35DC 

D4 



CY7C147-35LC 

L50 



CY7C147-35DMB 

D4 

Military 


CY7C147-35KMB 

K70 



CY7C147-35LMB 

L50 


45 

CY7C147-45PC 

P3 

Commercial 


CY7C147-45DC 

D4 



CY7C147-45LC 

L50 



C Y7C 147-45DMB 

D4 

Military 


CY7C147-45KMB 

K70 



CY7C147-45LMB 

L50 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 


Parameters 

Subgroups 

Voh 

1,2,3 

V OL 

1,2,3 

V IH 

1,2,3 

V, L Max. 

1,2,3 

Iix 

1,2,3 

loz 

1,2,3 

Icc 

1,2,3 

IsB 

1,2,3 


Switching Characteristics 


Parameters 

Subgroups 

READ CYCLE 

Irc 

7,8,9,10,11 

Iaa 

7,8,9,10,11 

toHA 

7,8,9,10,11 

tACE 

7,8,9,10,11 

WRITE CYCLE 

twc 

7,8,9,10,11 

tsCE 

7,8,9,10,11 

l AW 

7,8,9,10,11 

t»A 

7,8,9,10,11 

tsA 

7,8,9,10,11 

tpwE 

7,8,9,10,11 

tsD 

7,8,9,10,11 

Ihd 

7,8,9,10,11 


Document#: 38-00030-B 
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Features 

• Automatic power-down when dese- 
lected (7C148) 

• CMOS for optimum speed/power 

• 25-ns access time 

• Low active power 

— 440 mW (commercial) 

— 605 mW (military) 

• Low standby power (7C148) 

— 82.5 mW (25-ns version) 

— 55 mW (all others) 

• 5-volt power supply ± 10% tolerance, 
both commercial and military 

• TTL-compatible inputs and outputs 


Functional Description 

The CY7C148 and CY7C 149 are high-per- 
formance CMOS static RAMs organized 
as 1024 by 4 bits. Easy memory expansion 
is provided by an active LOW chip select 
(CS) input and three-state outputs. The 
CY7C148 remains in a low-power mode as 
l ong as the device remains unselected; i.e., 
(CS) is HIGH, thus reducing the average 
power requirements of the device. The 
chip select (CS) of the CY7C149 does not 
affect the power dissipation of the device. 
Writing to the device is accomplished when 
the chip select (CS) and write enable (WE) 
inputs are both LOW. Data on the I/O pins 
(I/Oo through I/O 3 ) is written into the 


memory locations specified on the address 
pins (A<> through A 9 ). 

Reading the device is accomplished by 
taking c hip s elect (CS) LOW while write 
enable (WE) remains HIGH. Under 
these conditions, the contents of the loca- 
tion specified on the address pins will ap- 
pear on the four data I/O pins. 

The I/O pins remain in a hig h-impedance 
state when c hip s elect (CS) is HIGH or 
write enable (WE) is LOW. 




Cl 48-2 


Cl 48-3 


Selection Guide 


Maximum Access Time 1 

(ns) 

Maximum Operating 

Commercial 

Current (mA) 

Military 

Maximum Standby 

Commercial 

Current (mA) 

Military 



7C 148-35 

7C148-45 

35 

45 

80 

80 

110 

110 

10 

10 

10 

10 



7049-35 

7049-45 

35 

45 

80 

80 

110 

110 
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SEMICONDUCTOR 


CY7C148 

CY7C149 


Maximum Rating 

(Above which the useful life may be impaired. For user guidelines, not tested.) 

Static Discharge Voltage > 2001V 

(per MII^STD-883, Method 3015) 

Latch-Up Current >200 mA 


Parameters 

Description 

Test Conditions 

7C 148/9-25 

7C 148/9-35,45 

Units 

Min. 

Max. 

Min. 

Max. 

IoH 

Output High Current 

V C c = Min., I OH = -4.0 mA 

mm 


2.4 


mm 

IoL 

Output Low Current 

Vcc = Min., Iql = 8.0 mA 


mm 


Mtf 

V 

V IH 

Input High Voltage 


2.0 

6.0 

2.0 

6.0 

mm 

V, L 

Input Low Voltage 


mol 

0.8 

-3.0 


mm 

Ik 

Input Load Current 

GND <. Vi <_ V cc 

-10 

10 

-10 

10 

\iA 

loz 

Output Leakage Current 

GND <_ V 0 _<. V C c Output Disabled 

-50 

50 

-50 

50 

|iA 

Icc 

V C c Operating 

Supply Current 

Max. Vcc> CS <. Vil, 

Output Open 

Com’l 


90 


80 

mA 

Mil 




110 

IsB 

Automatic CS 
Power-Down Current 


7C148 

only 

Com’l 


15 


10 

mA 

Mil 




10 

Ipo 

Peak Power-On 

Current 13 ! 


7C148 

only 

Com’l 


15 


10 

mA 

Mil 




10 

los 

Output Short 

Circuit Current 14 ! 

GND <_V 0 <.V CC 

Com’l 


±275 


±275 

mA 

Mil 




±350 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70 °C 

5V ± 10% 

Military! 1 ! 

- 55 °C to + 125 °C 

5V ± 10% 


Storage Temperature - 65 °C to + 150°C 

Ambient Temperature with 

Power Applied - 55 °C to + 125 °C 

Supply Voltage to Ground Potential 

(Pin 18 to Pin 9) - 0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State - 0.5V to +7.0V 

DC Input Voltage - 3.0V to + 7.0V 

Output Current into Outputs (Low) — 20 mA 


Electrical Characteristics Over the Operating Range [2] 


Capacitance^ 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Qn 

Input Capacitance 

T a = 25 °C, f = 1 MHz 

V cc = 5.0V 

5 

pF 

Cqut 

Output Capacitance 

7 

PF 


Notes: 

1. Ta is the ’’instant on” case temperature. 

2. See the last page of this specification for Group A subgroup testing 
information. 

3. A pull-up resistor to Vcc on the CS input is required to keep the 
device deselected during Vcc power-up. Otherwise current will ex- 
ceed values given (CY7C148 only). 

4. For test purposes, not more than 1 output should be shorted at one 
time. Duration of the short circuit should not exceed 30 seconds. 

5. Tested initially and after any design or process changes that may affect 
these parameters. 

6. Chip deselected greater than 25 ns prior to selection. 

7. Chip deselected less than 25 ns prior to selection. 

8. At any given temperature and voltage condition, t H z is less than Ilz 


for all devices. Transition is measured ± 500 mV from steady state 
voltage with specified loading in part (b) of AC Test Loads. 

9. The intern al wr ite time of the memory is defined by the overlap of CS 
LOW and WE LOW. Both signals must be LOW to intiate a write 
and either signal can terminate a write by going high. The data input 
set-up and hold timing should be referenced to the rising edge of the 
signal that terminates the write. 

10. WE is HIGH for read cycle. 

11. Device is continuously selected, CS = V IL . 

12. Address valid prior to or coincident with CS transition LOW. 

13. If CS goes HIGH simultaneously with WE HIGH, theoutput remains 
in a high-impedance state. 
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CY7C148 

CY7C149 


AC Test Loads and Waveforms 

R1 4810, 


5V O- 
OUTPUT °“ 


5 V °- 

OUTPUT®- 


30 pF T* i 5 pF T 

INCLUDING I I INCLUDING 

JIG AND — -=• JIG AND 

SCOPE “ “ SCOPE “ 

(a) (b) 

Equivalent to: THEVENIN EQUIVALENT 

167X1 

OUTPUT O WS — O 1 ,73V 


ALL INPUT PULSES 


R2 

255X1 



Switching Characteristics Over the Operating Range 121 


Parameters 

Description 

7C148-25 

7C149-25 

Min. 

Max. 

READ CYCLE 

tRC 

Address Valid to Address Do Not 

Care Time (Read Cycle Time) 

25 


t/\A 

Address Valid to Data Out Valid 

Delay (Address Access Time) 


25 

nnn 

Chip Select LOW to Data Out Valid 
(7C148only) 


25 1&1 


30 [7) 

Ucs 

Chip Select LOW to Data Out Valid 
(7C149 only) 


15 

tLZ [81 

Chip Select LOW to 

Data Out On 

7C148 

8 


7C149 

5 


tHZ 1 * 1 

Chip Select HIGH to Data Out Off 

0 

15 

toH 

Address Unknown to Data 

Out Unknown Time 

0 


tpD 

Chip Select HIGH to 
Power-Down Delay 

7C148 


20 

tpu 

Chip Select LOW to 

Power-Up Delay 

7C148 

0 


WRITE CYCLE 

two 

Address Valid to Address Do Not 

Care (Write Cycle Time) 

25 


t\VP^ 

Write Enable LOW to 

Write Enable HIGH 

20 


twR 

Address Hold from Write End 

5 


twz 18 ' 

Write Enable to Output in High Z 

0 

8 

tow 

Data in Valid to Write Enable HIGH 

12 


tDH 

Data Hold Time 

0 


tAS 

Address Valid to Write Enable LOW 

0 


tew 19 ' 

Chip Select LOW to Write Enable HIGH 

20 


tow 181 

Write Enable HIGH to Output in Low Z 

0 


Uw 

Address Valid to End of Write 

20 





Units 



ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 


ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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CY7C149 



Switching Waveforms 

Read Cycle No. 1 (10, 111 



m tnc m 


ADDRESS ) 

( > 

< 


"* W ■ 

* toH — +\ 


1 


DATA OUT PREVIOUS DATA VALID ^ 

<X£> 

( DATA VALID 


Cl 48-6 
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CY7C149 


Switching Waveforms (continued) 
Write Cycle No. 2 (CS Controlled)! 13 ) 



Typical DC and AC Characteristics 


NORMALIZED SUPPLY CURRENT 



4.0 


4.5 5.0 5.5 

SUPPLY VOLTAGE (V) 


6.0 


NORMALIZED SUPPLY CURRENT 



-55 25 125 

AMBIENT TEMPERATURE (°C) 


OUTPUT SOURCE CURRENT 
vs. OUTPUT VOLTAGE 






\ 





\ 


= 5.0V 
25°C 


\ 

T a = 

V 



\ 







OUTPUT VOLTAGE (V) 


NORMALIZED ACCESS TIME 


NORMALIZED ACCESS TIME 


OUTPUT SINK CURRENT 



4.0 


4.5 5.0 5.5 

SUPPLY VOLTAGE (V) 


6.0 



-55 25 125 

AMBIENT TEMPERATURE (°C) 



0.0 


1.0 2.0 3.0 

OUTPUT VOLTAGE (V) 


4.0 
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Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

25 

CY7C148-25PC 

P3 

Commercial 

CY7C148-25DC 

D4 

CY7C148-25LC 

L50 

35 

CY7C148-35PC 

P3 

Commercial 

CY7C148-35DC 

D4 

CY7C148-35LC 

L50 

CY7C148-35DMB 

D4 

Military 

CY7C148-35KMB 

K70 

CY7C148-35LMB 

L50 

45 

CY7C148-45PC 

P3 

Commercial 

CY7C148-45DC 

D4 

CY7C148-45LC 

L50 

CY7C148-45DMB 

D4 

Military 

CY7C148-45KMB 

K70 

CY7C148-45LMB 

L50 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

25 

CY7C149-25PC 

P3 

Commercial 

CY7C149-25DC 

D4 

CY7C149-25LC 

L50 

35 

CY7C149-35PC 

P3 

Commercial 

CY7C149-35DC 

D4 

CY7C149-35LC 

L50 

CY7C149-35DMB 

D4 

Military 

C Y7C 149-35KMB 

K70 

CY7C149-35LMB 

L50 

45 

CY7C149-45PC 

P3 

Commercial 

CY7C149-45DC 

D4 

CY7C149-45LC 

L50 

CY7C149-45DMB 

D4 

Military 

CY7C149-45KMB 

K70 

CY7C149-45LMB 

L50 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 

Subgroups 

Ioh 

1,2,3 

IoL 

1,2,3 

V , H 

1,2,3 

V IL Max. 

1,2,3 

Ik 

1,2,3 

loz 

1,2,3 

Icc 

1,2,3 


1,2,3 


Document #: 38-0003 1-B 


Switching Characteristics 


Parameters 

Subgroups 

READ CYCLE 

Irc 

7,8,9,10,11 

Iaa 

7,8,9,10,11 

tACSl^ 14 * 

7,8,9,10,11 

tACS2 [ ' 4 ' 

7,8,9,10,11 

tACS [ ’ 5 ^ 

7,8,9,10,11 

toH 

7,8,9,10,11 

WRITE CYCLE 

twc 

7,8,9,10,11 

twp 

7,8,9,10,11 

twR 

7,8,9,10,11 

tDW 

7,8,9,10,11 

Idh 

7,8,9,10,11 

tAS 

7,8,9,10,11 

tAW 

7,8,9,10,11 


Notes: 

14. 7C148 only. 

15. 7C149 only. 


QuickPro® is a trademark of Cypress Semiconductor Corporation. 
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CYPRESS 
SEMICONDUCTOR 


1024 x 4 Static R/W RAM 


Features 

• Memory reset function 

• 1024 x 4 static RAM for control store 
in high-speed computers 

• CMOS for optimum speed/power 

• High speed 

— 12 ns (commercial) 

— 15 ns (military) 

• Low power 

— 495 mVV (commercial) 

— 550 mW (military) 

• Separate inputs and outputs 

• 5-volt power supply ± 10% tolerance 
in both commercial and military 

• Capable of withstanding greater than 
2001V static discharge 

• TTL-compatible inputs and outputs 


Functional Description 

The CY7C150 is a high-performance 
CMOS static RAM designed for use in 
cache memory, high-speed graphics, and 
data-acquisition applications. The 
CY7C150 has a memory reset feature that 
allows the entire memory to be reset in two 
memory cycles. 

Separate I/O paths eliminates the need to 
multiplex data in and data out, providing 
for simpler board layout and faster system 
performance. Outputs are tri-stated during 
write, reset, deselect, or when output en- 
able (OE) is held HIGH, allowing for easy 
memory expansion. 

Reset is initiated by selecting the device 
(CS = LOW) and taking the reset (RS) in- 
put LOW. Within two memory cycles all 
bits are internally cleared to zero. Since 
chip select must be LOW for the device to 
be reset, a global reset signal can be em- 


ployed, with only selected devices being 
cleared at any given time. 

Writing to the device is accomplished 
when the chip select (CS) and write enable 
(WE) inputs are both LOW. Data on the 
four data inputs (D 0 -D 3 ) is written into the 
memory location specified on the address 
pins (Ao through Ag). 

Reading the device is accomplished by tak- 
ing chip select (CS) and outpu t en able 
(OE) LOW while write enable (WE) re- 
mains HIGH. Under these conditions, the 
contents of the memory location specified 
on the address pins will appear on the four 
output pins (O 0 through 63). 

The output pins remain in high-impe- 
dance state whe n chip enable (CE) or out- 
put e nable (OE) is HIGH, or write enable 
(WE) or reset (RS) is LOW. 

A die coat is used to insure alpha immunity. 


Logic Block Diagram 


Pin Configurations 



DIP 

Top View 

A 3 
A< 

A 5 
A 
a 7 
Ae 

A9 

D 0 
D, 

Oo 

O, 

GND 


Cl 50-2 



LCC 
Top View 


A 5 

>4 

261 

A, 

A 6 

>5 

25« 

Ao 

a 7 

>6 

241 

RS 

As 

NC 

7C150 

23 < 
22 « 

CS 

NC 

Aq 

>9 

21 1 

wE 

Do 

>10 

201 

OE 

D, 

>11 

19< 

d 3 

Oo 

>12 

18' 

d 2 


Selection Guide 




7050-10 

7050-12 

7050-15 

7050-25 

7050-35 

Maximum Access Time (ns) 

Commercial 

10 

12 

15 

25 

35 

Military 


12 

15 

25 

35 

Maximum Operating Current (mA) 

Commercial 

90 

90 

90 

90 

90 

Military 


100 

100 

100 

100 
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CY7C150 


g* 

WM CYFKESS 
■ ~ SEMICONDUCTOR 


Maximum Rating 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature - 65 °C to + 150 °C 

Ambient Temperature with 

Power Applied - 55 °C to + 125 °C 

Supply Voltage to Ground Potential 

(Pin 24 to Pin 12) - 0.5V to +7.0V 

DC Voltage Applied to Outputs 

in High Z State - 0.5V to + 7.0V 

DC Input Voltage - 3.0V to + 7.0V 

Output Current into Outputs (Low) 20 mA 


Static Discharge Voltage > 2001V 

(per MIDSTD-883, Method 3015) 

Latch-Up Current > 200 mA 


Operating Range 


Range 

Ambient 

Temperature 

V C c 

Commercial 

0°C to + 70 °C 

5V ± 10% 

Military 111 

- 55°C to + 125 °C 

5V ± 10% 


Electrical Characteristics Over the Operating Range 121 


Parameters 

Description 

Test Conditions 

7C150 

Units 

Min. 

Max. 

V OH 

Output HIGH Voltage 

Vcc = Min., Ioh = ~ 5.2 mA 

2.4 


V 

Vol 

Output LOW Current 

Vcc = Min., Iol = 8.0 mA 


0.4 

V 

V, H 

Input HIGH Level 


2.0 

Vcc 

V 

VlL 

Input LOW Level 


-3.0 

0.8 

V 

Itx 

Input Load Current 

GND <. <_ V cc 

-10 

+ 10 

M-A 

loz 

Output Current (High Z) 

Vol_<. V OUT Voh, 

Output Disabled 

-50 

+ 50 

jjlA 

los 

Output Short Circuit Current 131 

Vcc “ Max., Vqut = GND 


-300 

mA 

Ice 

V C c Operating Supply Current 

V C c = Max., 

Iout = 0 mA 

Commercial 


90 

mA 

Military 


100 

mA 


Capacitance 141 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Qn 

Input Capacitance 

T a = 25 °C, f = 1 MHz 

V cc = 5.0V 

5 

pF 

CouT 

Output Capacitance 

7 

PF 


AC Test Loads and Waveforms 


R1 329X1 


R1 329X1 


5 V ®- 
OUTPUT®- 


30 pF 


INCLUDING 
JIG AND *==■ 
SCOPE 


f 1 


R2 

202X1 


5 V o- 


OUTPUT®- 


5 pF 

INCLUDING 
JIG AND 
SCOPE 


T 

I 


R2 

202X1 


(a) 


(b) C15 °- 4 


Equivalent to: THEVENIN EQUIVALENT 

125X1 

OUTPUT O VVN O 1 .62 


ALL INPUT PULSES 


?r 



Notes: 

1. T a is the “instant on” case temperature. 

2. See the last page of this specification for Group A subgroup testing 
information. 

3. Not more than 1 output should be shorted at a time. Duration of the 
short circuit should not exceed 30 seconds. 


4. Tested initially and after any design or process changes that may affect 
these parameters. 

5. Test conditions assume signal transition times of 5 ns or less, timing 
referenece levels of 1.5V, input pulse levels of 0 to 3.0V, and output 
loading of the specified Iol'Toh and 30-pF load capacitance. 
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CY7C150 


: S= CYPRESS 

SEMICCNDIJCTCR - 

Switching Characteristics Over the Operating Range [2>51 


7C150-10 

Description Min. I Max. 


READ CYCLE 



Read Cycle Time 


Address to Data Valid 


Output Hold from Address 
Change 


CS LOW to Data Valid 



msmsmM 

ms — 


tLZOE 


tHZOE 


WRITE CYCLE! 8 ! 


Write Cycle Time 


CS LOW to Write End 


Address Set-Up to Write End 


Address Hold from Write End 


Address Set-Up to Write Start 


Data Set-Up to Write End 


Data Hold from Write End 



tHZWE 


RESET CYCLE 


7C150-12 7050-15 7050-25 7050-35 

Min. I Max. Min. I Max. Min. I Max. Min. I Max. Units 


ns 


35 ns 


20 ns 


ns 


25 ns 


20 | ns 


ns 


25 ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


25 ns 



Irrc 

Reset Cycle Time 

20 


24 


30 


50 


70 


ns 

tsAR 

Address Valid to Beginning of 
Reset 

0 


0 


0 


0 


0 


ns 

tsWER 

Write Enable HIGH to Beginning 
of Reset 

0 


0 


0 


0 


0 


ns 

tsCSR 

Chip Select LOW to Beginning of 
Reset 

0 


0 


0 


0 


0 


ns 

tpRS 

Reset Pulse Width 

10 


12 


15 


20 


30 


ns 

tHCSR 

Chip Select Hold After End of 
Reset 

0 


0 


0 


0 


0 


ns 

tHWER 

Write Enable Hold After End of 
Reset 

8 


12 


15 


30 


40 


ns 

tHAR 

Address Hold After End of Reset 

10 


12 


15 


30 


40 


ns 

tLZRS 

Reset HIGH to Output in Low Z (6! 

0 


0 


0 


0 


0 


ns 

Ihzrs 

Reset LOW to Output in 

High Z (6 ' 7 1 


6 


8 


12 


20 


25 

ns 


6. At any given temperature and voltage condition, t HZ is less than t LZ 
for any given device. 

7. t H zcs. tHZOE. tHZR. and t H zwE are tested with C L = 5 pF as in part 
(b) of AC Test Loads. Transition is measured ± 500 mV from steady 
state voltage. 


8. The inter nal w rite time of the memory is defined by the overlap of CS 
LOW and WE LOW. Both signals must be LOW to initiate a write and 
either signal can terminate a write by going HIGH. The data input set- 
up and hold timing should be reference to the rising edge of the signal 
that terminates the write. 
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CY7C150 



Switching Waveforms 

Read Cycle No. I* 9, 101 



m tfl C " "■ — 


ADDRESS ) 

( ) 

< 


m <aa ■ 

* *OHA *| 


■■ 1 


DATA OUT PREVIOUS DATA VALID ^ 

<xx> 

( DATA VALID 



C150-8 

Not es: 

9. WE is HIGH for read cycle. 11. Address prior to or coincident with CS transition LOW. 

10. Device is continuously selected, CS and OE = V| L . 
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DATA I/O 


KXXXXXXXXX^ h 


IMPEDANCE 


tLZRS 


N. 


OUTPUT VALID ZERO 


Notes: 

12. If CS goes HIGH with WE HIGH, the output remains in a high- 13. Reset cycle is defined by the overlap of RS and CS for the minimum 
impedance state. reset pulse width. 
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62 

ROW 63 


P13A 


Commercial 


CY7C150-10PC 


PDA 


CY7C150-25PC 


CY7C150-10DC 


D14 


D14 


CY7C150-25DC 


L54 


CY7C150-10LC 


L54 


CY7C150-25LC 


CY7C150-10SC 


CY7C150-25SC 


Military 


CY7C150-12PC 


PDA 


D14 


CY7C150-25DMB 


CY7C150-12DC 


L54 


C Y7C 150-25LMB 


L54 


Commercial 


CY7C150-12LC 


PDA 


CY7C150-35PC 


CY7C150-12SC 


D14 


CY7C150-35DC 


D14 


L54 


CY7C150-12DMB 


CY7C150-35LC 


L54 


CY7C150-12LMB 


CY7C150-35SC 


PDA 


Military 


CY7C150-15PC 


D14 


CY7C150-35DMB 


D14 


L54 


CY7C150-15DC 


CY7C150-35LMB 


CY7C150-15LC 


CY7C150-15SC 


Commercial 


Commercial 


Military 


Commercial 


Military 


CY7C150-15DMB 


L54 


CY7C150-15LMB 


CY7C150 


CYPRESS 

SEMICONDUCTC* 


Address Designators 
[ Address I Addre 


Address 

Function 


Truth Table 

Inputs 


Mode 


)E RS Outputs 
X X~~ High Z 

X IT High Z 

X H High Z 

L H O 0 -O 3 

H H High Z 


Not Selected 


Reset 


Write 


Read 


Output Disable 


Ordering Information 


Speed 

(ns) Ordering Code 


Package Operating 

Type Range 


Package 

Type 


Ordering Code 


Address 


Address 

Function 






























































































CY7C150 



#CTPRESS 
" SEMJCONDUCTCS 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 

Subgroups 

V OH 

1, 2,3 

VoL 

1,2,3 

V IH 

1, 2,3 

V, L Max. 

1, 2,3 

Ik 

1,2,3 

l-H 

o 

N 

1,2,3 

Icc 

1, 2,3 


Switching Characteristics 


Parameters 

Subgroups 

READ CYCLE 

Irc 

7, 8, 9, 10, 11 

tAA 

7, 8, 9, 10, 11 

toHA 

7, 8, 9, 10, 11 

Ucs 

7, 8, 9, 10, 11 

WRITE CYCLE 

twc 

7, 8, 9, 10, 11 

tscs 

7, 8, 9, 10, 11 

tAW 

7, 8, 9, 10, 11 

tHA 

7, 8, 9, 10, 11 

tsA 

7, 8, 9, 10, 11 

tpWE 

7, 8, 9, 10, 11 

tsD 

7, 8, 9, 10, 11 

Ihd 

7, 8, 9, 10, 11 

RESET CYCLE 

tRRC 

7, 8, 9, 10, 11 

tsAR 

7, 8, 9, 10, 11 

tsWER 

7, 8, 9, 10, 11 

tsCSR 

7, 8, 9, 10, 11 

tpRS 

7, 8, 9, 10, 11 

Ihcsr 

7, 8, 9, 10, 11 

tHWER 

7, 8, 9, 10, 11 

tHAR 

7, 8, 9, 10, 11 
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GY7C157 


'M CYPRESS 

= - SEMICONDUCTOR 16,384 x 16 Static R/W RAM 


Features 

• Optimized for use with CY7C600 
SPARC product family 

• Address and WE registers 

• CMOS for optimum speed/power 

• High speed 
— 20 ns 

• Data In and Data Out latches 

• Self-timed write 

• Common I/O 

• Capable of withstanding greater than 
2001V electrostatic discharge 

• TTL-compatible inputs and outputs 


Functional Description 

The CY7C157 is a high-performance 
CMOS static RAM organized as 16,384 x 
16 bits. It is intended specifically for use as 
a high-speed cache memory device with 
the CY7C600 SPARC™ family of devices. 
The CY7C157 employs common I/O ar- 
chitecture and a self-timed byte write 
mechanism. 

Re ading the device i s acc omplished by tak- 
ing WE HIGH and OE LOW. On the ris- 
ing edge of CLOCK, addresses Ao through 
A 13 are loaded into the input registers. A 
memory access occurs, and data is held after 


a read cycle beyond the next rising edge of 
CLOCK in order to meet the hold time re- 
quirements of the microprocessor. 

To write the device correctly, OE must be 
taken HIGH. If the falling edge of 
CLO CK samples either or both of WE 0 or 
WE! LOW, a self-timed byte write mecha- 
nism is triggered. Data is written from the 
data-in latch into the memory array at the 
corresponding address. 

Note that the OE signal mu st be HIG H fo r 
a proper write because the WEo and WEi 
signals do not tri-state the outputs. 

A die coat is used to insure alpha immunity. 
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CY7C157 


' * r^rmvco 

SEMICONDUCTOR 


Pin Timing Cross Reference 


Pin Name 

Timing 

Reference 

Description 

Clock 

C 

Clock Inputs 

Ao - Aj3 

A 

Address Inputs 

I/O 0 - I/O 15 (Input) 

D 

Data Inputs 

I/O 0 - I/O is (Output) 

Q 

Data Outputs 

WE 0 , WEi, WE X 

W 

Write Enable 

OE 

G 

Output Enable 


Pin Diagram 


LCC and PLCC 
Top View 



Selection Guide 




7C 157-20 

7C157-24 

7C157-33 

Maximum Clock to Output (ns) 

Commercial 

20 

24 

33 

Military 


24 

33 

Maximum Output Enable to Output Time (ns) 

Commercial 

8 

10 

15 

Military 


10 

15 

Maximum Current (mA) 

Commercial 

250 

250 

250 

Military 


300 

300 


Maximum Rating 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature - 65 °C to + 150 °C 

Ambient Temperature with 

Power Applied -55 °C to + 125 °C 

Supply Voltage to Ground Potential -0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State -0.5V to +7.0V 

DC Input Voltage -3.0V to + 7.0V 

Output Current into Outputs (Low) 50 mA 

Static Discharge Voltage >200 IV 

(per MID-STD-883, Method 3015) 


Latch-Up Current > 200 m A 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70°C 

5V ± 10% 

Military! 1 ' 

- 55 °C to + 125 °C 

5V ± 10% 


2-101 































CYPRESS 

SEMICONDUCTOR 


CY7C157 


Electrical Characteristics Over the Operating Range [2] 


Parameters 

Description 

Test Conditions 

7C157-20 

7C157-24 

7C157-33 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 


V 0H 

Output HIGH Voltage 

Vcc = Min., Ioh = -4.0 mA 








VoL 

Output LOW Current 

Vcc ^ Min., Iol ~ 8.0 mA 


0.5 


0.5 


0.5 


V,H 

Input HIGH Voltage 


mm 

Vcc 


Vcc 

2.1 

EH 


Vjl 

Input LOW Voltage 


-3.0 


-3.0 


-3.0 


V 

Itx 

Input Load Current 

GND < V, < V cc 

-10 

+ 10 

-10 

+ 10 

-10 

+ 10 

pA 

loz 

Output Leakage Current 

GND < V 0 < Vcc, 

Output Disabled 

-50 

+ 50 

-50 

+ 50 

-50 

+ 50 

pA 

los 

Output Short Circuit Current! 31 

Vcc = Max., Vqut = GND 


-350 


-350 


-350 

mA 

Icc 

Vcc Operating Supply Current 

V cc = Max., 
Tout ~ 0 mA 

Commercial 


250 


250 



mA 

Military 
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Capacitance 141 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Qn 

Input Capacitance 


5 

pF 

CqUT 

Output Capacitance 

8 

PF 


AC Test Loads and Waveforms 


R1 481.fl 


R1 481.fl 


5V a 

OUTPUT* r- 

50 pF * * 

INCLUDING 
JIG AND T=r 
SCOPE 


R2 

255 XL 


5 pF ■ 

INCLUDING 
JIG AND ' 
SCOPE 


R2 

255X1 


(a) 


(b) Cl 57-3 


Equivalent to: THEVENIN EQUIVALENT 

1670. 

OUTPUT O <WV O 1 ,73V 


ALL INPUT PULSES 


3.0V 

GND 


A 


.£.3 ns < 



Cl 57-4 


Notes: 

1. Ta is the “instant on” case temperature. 

2. See the last page of this specification for Group A subgroup testing 
information. 


3. Not more than 1 output should be shorted at a time. Duration of the 
short circuit should not exceed 30 seconds. 

4. Tested initially and after any design or process changes that may affect 
these parameters. 
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CY7C157 


CYFRESS 

“ SEMS20NDUCT0R 


Switching Characteristics Over the Operating Range 12 - 51 


Parameters 

Description 

7C157-20! 6 ) 

7C157-24 16 ! 

7C157-33 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE! 7 - *1 

tcHCH 

Clock Cycle Time 

25 


30 


40 


ns 

tcH 

Clock HIGH Time 

11 


13 


18 


ns 

tcL 

Clock LOW Time 

11 


13 


18 


ns 

tcHQV 

Clock HIGH to Output Valid 


20 


24 


33 

ns 

tcHQX 

Output Data Hold 

5 


5 


5 


ns 

twHCH 

WE X HIGH to Next Clock HIGH 

2 


2 


3 


ns 

tGLQV 

OE LOW to Output Valid 

0 

8 

0 

10 

0 

15 

ns 

tGHQZ 

OE HIGH to Output Tristate 

0 

8 

0 

10 

0 

15 

ns 

tGHCH 

OE HIGH to Next Clock HIGH 

7 


7 


7 


ns 

l AVCH 

Address Set-Up 

2 


2 


3 


ns 

tcHAX 

Address Hold 

6 


6 


6 


ns 

WRITE CYCLED! 

tcHCH 

Clock Cycle Time 110 ! 

25 


30 


40 


ns 

tCH 

Clock HIGH Time 

11 


13 


18 


ns 

tcL 

Clock LOW Time 

11 


13 


18 


ns 

tGHQZ 

OE HIGH to Output Tristate 

0 

8 

0 

10 

0 

15 

ns 

tGHCH 

OE HIGH to Next Clock HIGH 

7 


7 


7 


ns 

tDVCL 

Data in Set-Up to Clock 

6 


6 


7 


ns 

tcLDX 

Data in Hold from Clock 

2 


2 


2 


ns 

tWLCL 

WE X LOW to Clock LOW! 11 - 12 1 

2 


2 


3 


ns 

tcLWH 

Clock LOW to WE X HIGH! 11 - 12 ! 

6 


6 


7 


ns 

tAVCH 

Address Set-Up 

2 


2 


3 


ns 

tcHAX 

Address Hold 

6 


6 


6 


ns 


Notes: 

5. list conditions assume signal transition times of 5 ns or less, timing 
referenece levels of 1.5V, input pulse levels of 0 to 3.0V, and output 
loading of the specified Iol/Iqh and 50-pF load capacitance. 

6. Surface mount package only. 

7. WE is HIGH for read cycle. 

8. OE is selected (LOW). 


9. OE must be HIGH for data-in to propagate to latch. 

10. tpHQZ i® tested with Cl = 5 pF as in part (b) of AC Test Loads. Transi- 
tion is measured ±500 mV from steady state voltage. 

11. Self- Timed Write is triggered on falling edge of registered WEo or 
WEi signals. 

12. X = 0 or 1 for low byte and high byte, respectively. 
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Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

20 

CY7C157-20LC 

L69 

Commercial 

CY7C157-20JC 

J69 

24 

CY7C157-24LC 

L69 

Commercial 

CY7C157-24JC 

J69 

C Y7C 157-24LMB 

L69 

Military 

33 

CY7C157-33LC 

L69 

Commercial 

CY7C157-33JC 

J69 

CY7C157-33LMB 

L69 

Military 


H 

H 

L 

i/o,-i/o 15 

H 

L 

L 

0 

1 

O 
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CYPRESS 

SEMCONDUCTOR 


CY7C157 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 


Parameters 

Subgroups 

V OH 

1,2,3 

VoL 

1,2,3 

V, H 

1,2,3 

V, L Max. 

1, 2,3 

hx 

1, 2,3 

loz 

1,2,3 

los 

1,2,3 

Icc 

1,2,3 


Switching Characteristics 


Parameters 

Subgroups 

READ CYCLE 

tcHCH 

7, 8, 9, 10, 11 

tcHQV 

7, 8, 9, 10, 11 

tGHQZ 

7, 8, 9, 10, 11 

tcHQX 

7, 8, 9, 10, 11 

tGHQV 

7, 8, 9, 10, 11 

WRITE CYCLE 

tcHCH 

7, 8, 9, 10, 11 

tnvcL 

7, 8, 9, 10, 11 

Iavch 

7, 8, 9, 10, 11 

tcHAX 

7, 8, 9, 10, 11 

tcLDX 

7, 8, 9, 10, 11 

tDVWL 

7, 8, 9, 10, 11 

twLDX 

7, 8, 9, 10, 11 


Document #: 38-00028-B 
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PRELIMINARY 


CY7B160 


CYPRESS 
SEMICONDUCTOR 


Expandable 16,384 x 4 
Static RAM 


Features 

• High speed 

- 12 ns t,v\ 

• Output Enable (OE) feature 

• Five Chip Enables (CE 1)2 , 3 and CE 4 , 5 ) 
to expand memory 

• BiCMOS for optimum speed/power 

• Low active power 

- 600 mW 

• Low standby power 

- 200 mW 

• TTL-compatible inputs and outputs 

• Capable of withstanding greater than 
2001V electrostatic discharge. 


Functional Description 

The CY7B160 is a high-performance 
BiCMOS static RAM organized as 16,348 
x 4 bits. A memory expansion feature is 
provided to save access time by eliminating 
the need for an external decoder when 
stacking CY7B160s. Five chip enable in- 
puts (CEi, CE 2 , CE 3 , CE 4 , and CE5) make 
it easy to increase memory depth with up 
to four CY7B160s. The primary chip en- 
able (CEi) can be used to enable or power 
down all four devices together while chip 
enables CE 2 , CE 3 , CE 4 , and CE S can be 
used as extra address pins to enable or 
power down each device individually. 

Memory expansion is facilitated by three- 
state drive rs and an active LOW output en- 
able (OE). The device has a power-down 


feature, reducing the power consumption 
by 67% whert deselected by any CE input. 

Writing to the d evice is accomplished 
when CEj, 2 , 3 and WE inputs are LOW 
while CE 4 , 5 inputs are HIGH. Data on the 
four input/output pins (I/O 0 through I/0 3 ) 
is written into the memory location speci- 
fied on the address pins (Ao through A 13 ). 

Reading the device is accomplished by tak- 
ing chip enables CEi, 2 , 3 DOW and OE 
LOW while write enable (WE) and chip 
enables CE 4 ,s remain HIGH. Under these 
conditions the contents of the memory lo- 
cation specified on the address pins will 
appear on the four data I/O pins. 

The I/O pins stay in high-impedance state 
when CE 1)2 , 3 or OE is HIGH, or when WE 
or CE 4 ,s are LOW. 



Pin Configurations 



LCC 
Top View 



B160-1 


Selection Guide 



7B160-12 

7B160-15 

Maximum Access Time (ns) 

12 

15 

Maximum Operating 

Current (mA) 

Commercial 

120 

115 

Military 


135 

Maximum Standby 

Current (mA) 

Commercial 

40 

40 

Military 


50 
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CYPRESS 

SEMCCHXJCTC* 


PRELIMINARY 


CY7B160 


Maximum Rating 

(Above which the useful life may be impaired. Exposure to absolute maximum-rated conditions for extended periods may affect device 
reliability. For user guidelines, not tested.) 


Storage Temperature - 65 °C to + 150 °C 

Ambient Temperature with 

Power Applied -55°Cto +125°C 

Supply Voltage to Ground Potential 

(Pin 24 to Pin 12) - 0.5V to +7.0V 

DC Voltage Applied to Outputs 

in High Z State - 0.5V to + 7.0V 

DC Input Voltage 111 - 3.0V to + 7.0V 

Output Current into Outputs (Low) 20 mA 


Static Discharge Voltage > 2001V 

(per MIL-STD-883, Method 3015) 

Latch-Up Current > 200 mA 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70 °C 

5V ± 10% 

Military 121 

- 55 °C to + 125 °C 

5V ± 10% 


Electrical Characteristics Over the Operating Range 131 


Parameters 

Description 

Test Conditions 

7B160-12 

7B160-15 

Units 

Min. 

Max. 

Min. 

Max. 


Output HIGH Voltage 

V C c = Min. 

Ioh = - 4.0 mA (Com’l) 

H 


2.4 


u 

Ioh = - 2.0 mA (Mil) 

VoL 

Output LOW Voltage 

Vcc = Min., Iql ~ 8.0 mA 


0.4 



V 

V,H 

Input HIGH Voltage 


2.2 

Vcc 

2.2 

■ 

V 

V 1L 

Input LOW Voltage 111 



0.8 

-0.5 

HU 

V 

I.X 

Input Load Current 

GND <. V 0 <. V cc 

-10 

+ 10 

-10 

+ 10 

jxA 

loz 

Output Leakage 
Current 

GND <_V,<.V C c> 

Output Disabled 

-10 

+ 10 

-10 

+ 10 

pA 

Icc 

V C c Operating Supply 
Current 

V C c = Max. 

Iout = 0 mA 
f = f max. 

Com’l 


120 


115 

mA 

Mil 




135 

IsB 

CE Power-Down 
Current 

(CEj , or CE a , or CE 3 ) _>. V ]H 
or (CE 4 or CE 5 ) <_ V IL 

Com’l 

40 


40 


mA 

Mil 


50 


50 


Capacitance 141 


Parameters 

Description 

Test Conditions 

Max. 151 

Units 

Qn 

Input Capacitance 

T a = 25 °C, f = 1 MHz 

V cc = 5.0V 

5 

pF 

Cqut 

Output Capacitance 

7 

P F 


Notes: 

1. ViLinin. = -3.0V for pulse durations less than 30 ns. 4. Tested initially and after any design or process changes that may affect 

2. Ta is the “instant on” case temperature. these parameters. 

3. See the last page of this specification for Group A subgroup testing 5. For all packages except Cerdip (D22), which has maximums of C, N 

information. = 8 pF, Cqut = 9 pF. 


AC Test Loads and Waveforms 


T 

;i 


OUTPUT o- 


5 pF 


f 1 


R2 

255X1 


R2 

, . 255X1 

INCLUDING I I INCLUDING 

JIG AND "^Sr" ~~ r JIGAND^ “ 

SCOPE SCOPE 

(a) (b) B1604 

Equivalent to: THEVENIN EQUIVALENT 

167X1 

OUTPUT O W» O 1.73V 


ALL INPUT PULSES 
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CY7B160 



Switching Characteristics Over the Operating Range 12, 61 


Parameters 

Description 

7B160-12 

7B160-15 

Units 

Min. 

Max. 

Min. 

Max. 

READ CYCLE | 

tRC 

Read Cycle Time 

12 


15 


ns 

Iaa 

Address to Data Valid 


12 


15 

ns 

t0HA 

Output Hold from Address Change 

3 


3 


ns 

tACE 

CEi, 2,3 LOW and CE 4 , 5 HIGH to Data Valid 


12 


15 

ns 

tDOE 

OE LOW to Data Valid 


7 


10 

ns 

tLZOE 

OE LOW to Low Z 

2 


3 


ns 

tHZOE 

OE HIGH to High Z™ 


7 


8 

ns 

tLZCE 

CE b 2,3 LOW, CE 4 , 5 HIGH to Low Z' 8 l 

3 


3 


ns 

tHZCE 

CE b2 , 3 , 4,5 HIGH to High Zt 7, «l 


7 


8 

ns 

WRITE CYCLEPl 

twe 

Write Cycle Time 

12 


15 


ns 

tsCE 

CEi. 2,3 LOW and CE 4)S HIGH to Write End 

8 


10 


ns 

tAW 

Address Set-Up to Write End 

8 


10 


ns 

tHA 

Address Hold from Write End 





ns 

tSA 

Address Set-Up to Write Start 





ns 

tpWE 

WE Pulse Width 

8 


10 


ns 

tsD 

Data Set-Up to Write End 

6.5 


8 


ns 

tHD 

Data Hold from Write End 





ns 

Ilzwe 

WE HIGH to Low Z™ 

3 


3 


ns 

tHZWE 

WE LOW to High Z' 7,8 ! 


7 


7 

- 

ns 


Notes: 

6. Test conditions assume signal transition time of 3 ns or less, timing ref- 
erence levels of 1.5 V, input pulse levels of 0 to 3.0V, and output load- 
ing of the specified Ioi/Ioh and Cl = 20 pF. 

7. At any given temperature and voltage condition, tnz > s less than tLz 
for any given device. 

8. tnzcE. tHZWE. tnzoE are specified with Cl = 5 pF as in part (b) of 
AC Test Loads. Transition is measured ± 200 mV from steady state 
voltage. 

9. The internal write time of the memo ry is defined by the overlap of 
CEj, 2,3 LOW, CE 4 ,s HIGH, and WE LOW. All signals must be in this 


state to initiate a write and any signal can terminate a write by chang- 
ing state. The data input set-up and hold timing should be referenced 
to the rising edge of the signal that terminates the write. 

10. WE is HIGH for read cycle. 

11. Device is continuously selected, CE = V|l and (5E = Vjl. 

12. Address valid prior to or coincident with CE transition LOW. 

13. Data I/O will be high-impedance if OE = Vjh- 


Switching Waveforms 

Read Cycle No. ll 10, “1 



m tR C * 


ADDRESS ^ 

( ) 

c 


■* W • 

•* l0HA H 


i 


DATA OUT PREVIOUS DATA VALID - 

£m> 

( DATA VALID 


B160-6 
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PRELIMINARY 


CY7B160 



Switching Waveforms (continued) 



B1B0-7 




PRELIMINARY 
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, _ CYPRESS 
r SEMICONDUCrO? 


Truth Table 


t*a 

ce 2 

CE, 

ce 4 

CEj 

WE 

OE 

Inputs/Outputs 

Mode 

ma 

ma 

L 

H 

H 

H 

L 

Data Out 

Read 

mm 

L 

L 

H 

H 

L 

X 

Data In 

Write 

L 

KB 

L 

H 

H 

H 

H 

High Z 

Deselect 

H 

X 

X 

X 

X 

X 

X 

High Z 

Deselect Power-Down 

X 

H 

X 

X 

X 

X 

X 

High Z 

Deselect Power-Down 

X 

X 

H 

X 

X 

X 

X 

High Z 

Deselect Power-Down 

X 

X 

X 

L 

X 

X 

X 

High Z 

Deselect Power-Down 

X 

X 

X 

X 

L 

X 

X 

High Z 

Deselect Power-Down 


Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

lype 

Operating 

Range 

12 

CY7B160-12VC 

V21 

Commercial 

CY7B160-12LC 

L54 

15 

CY7B160-15VC 

V21 

Commercial 

CY7B160-15DMB 

D22 

Military 

CY7B160-15LMB 

L54 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 


Parameters 

Subgroups 

VoH 

1,2,3 

Vql 

1,2,3 

V, H 

1,2,3 

V, L Max. 

1,2,3 

hx 

1,2,3 

loz 

1,2,3 

Icc 

1,2,3 

IsB 

1,2,3 


Switching Characteristics 


Parameters 

Subgroups 

READ CYCLE 

*AA 

7, 8, 9, 10, 11 

k)HA 

7, 8, 9, 10, 11 

tACE 

7, 8, 9, 10, 11 

tDOE 

7, 8, 9, 10, 11 

WRITE CYCLE 

tsCE 

7, 8, 9, 10, 11 

tAW 

7, 8, 9, 10, 11 

tHA 

7, 8, 9, 10, 11 

tsA 

7, 8, 9, 10, 11 

tpWE 

7, 8, 9, 10, 11 

tsD 

7, 8, 9, 10, 11 

tHD 

7, 8, 9, 10, 11 


Document/: 38-A-00021 
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PRELIMINARY 


CY7B161 

CY7B162 


pypp-c’cc 

SEMICONDUCTOR 


Features 

• High speed 

- 10 ns t\A 

• Low active power 

- 600 mW 

• Low standby power 

- 200 mW 

• Transparent write (7B161) 

• BiCMOS for optimum speed/power 

• TTL-compatible inputs and outputs 

• Capable of withstanding greater than 
2001V electrostatic discharge. 


Functional Description 

The CY7B161 and CY7B162 are high-per- 
formance BiCMOS static RAMs orga- 
nized as 16,384 by 4 bits with separate I/O. 
These RAMs are developed by Aspen 
Semiconductor Corporation, a subsidiary 
of Cypress Semiconductor. Easy memory 
expansion is provided by active LOW chip 
enables (CEi.CE?) and three-state drivers. 
They have a CE power-down feature, re- 
ducing the power consumption by 67% 
when deselected. 

Writing to the device is accomplished when 
the c hip e nable (CE b CE 2 ) and write en- 
able (WE) inputs are all LOW. Data on 


16,384 x 4 Static RAM 
Separate I/O 

the four input pins (I 0 through I 3 ) is written 
into the memory location specified on the 
address pins (Ao through A 13 ). 

Reading the device is accomplished by tak- 
ing the chip enables (CE b CE?) and OE 
LOW, while write enable (WE) remains 
HIGH. Under these conditions, the con- 
tents of the memory location specified on 
the address pins will appear on the four 
data output pins (Oo through 0 3 ). 

The output pins remain in hig h-im pe- 
dance state when write enable (WE) is 
LOW (7B1 62 only), or one of the c hip e n- 
ables (CE 1; CE 2 ) is HIGH, or OE is 
HIGH. 


Logic Block Diagram 


Pin Configurations 


A o 

Ai 

A 2 

A 3 

A 11 

A 1 

Ai 



CE, 

CE 2 



LCC 
Top View 
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Ao 
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>8 
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b 
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>9 

7B162 
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0 2 

CE! 

> 12 

1®1 

0, 

1 

v 

13141516 

17 / 

1 


1 

uj O. cviiiu 

s> 



1 

O o\o 15 

o 



B161-3 


Selection Guide 



7B161-10 

7B162-10 

7B161-12 

7B162-12 

7B161-15 

7B162-15 

Maximum Access Time (ns) 

10 

12 

15 

Maximum Operating 

Current (mA) 

Commercial 

130 

120 


Military 



135 

Maximum Standby 

Current (mA) 

Commercial 

40 

40 


Military 



50 
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CY7B162 


Maximum Rating 

(Above which the useful life may be impaired. Exposure to absolute maximum rated conditions for extended periods may affect device 
reliability. For user guidelines, not tested.) 


Storage Temperature - 65 °C to + 150°C 

Ambient Temperature with 

Power Applied - 55 °C to + 125 °C 

Supply Voltage to Ground Potential - 0.5V to +7.0V 

DC Voltage Applied to Outputs 

in High Z State - 0.5V to + 7.0V 

DC Input Voltage 11 ' - 3.0V to + 7.0V 

Output Current into Outputs (Low) 20 mA 


Electrical Characteristics Over the Operating Range 131 


Static Discharge Voltage > 2001V 

(per MIL-STD-883, Method 3015) 

Latch-Up Current > 200 mA 


Operating Range 

Range 

Commercial 

Military! 21 


Ambient 

Temperature 

0°C to + 70 °C 

- 55 °C to + 125 °C 


Vcc 

5V ± 10% 
5V ± 10% 



Description 


Output HIGH Voltage 


Output LOW Voltage 


Input HIGH Voltage 


Input LOW Level' 11 


Input Load Current 


Output Leakage 
Current 


V C c Operating 
Supply Current 


Automatic CE 
Power-Down Current 


Test Conditions 


Ioh = - 4.0 mA 

Com’l 

Iqh = ” 2.0 mA 

Mil 


cc = Min., Iql = 8.0 mA 


GND_< V, <.V CC 


GND^V, <.V CC , 
Output Disabled 


Vcc = Max., 
Iqut = 0 mA, 

f ~ fmax. 


CEj> V IH 



7B161-10 

7B162-10 

7B161-12 

7B162-12 

7B161-15 

7B162-15 



Units 

mm 


El 


2.4 


mm 

mm 


WfM 


2.4 


mm 


0.4 


BtlEB 


0.4 

mm 

WUM 1 

Vcc 

2.2 

Vcc 

2.2 

Vcc 

mm 

BZ3 


BrnaBiiaigiiaBiya 

mm 

- 10 

+ 10 

- 10 

+ 10 

-10 

+ 10 

|iA 

- 10 

+ 10 

- 10 

+ 10 

-10 

+ 10 

jxA 


130 


120 



mA 






135 



40 


40 



mA 









Capacitance ' 41 


Parameters 

Description 

Qn 

Input Capacitance 

CoUT 

Output Capacitance 


Test Conditions 


T a = 25 °C, f = 1 MHz, 
V cc = 5.0V 



Notes: 

1. Vjl (min.) = - 3.0V for pulse width < 20 ns. 

2. T A is the “instant on” case temperature. 

3. See the last page of this specification for Group A subgroup testing 
information. 


4. listed initially and after any design or process changes that may affect 
these parameters. 

5. For all packages except Cerdip (D22), which has maximums of 
Cin ” 8 pF and C'out = 9 pF. 


AC Test Loads and Waveforms 

R1 481X5. 


INCLUDING 
JIG AND 
SCOPE 

(a) 


INCLUDING I 
JIG AND ■==• 
SCOPE 

(b) 


Equivalent to: 


THEVENIN EQUIVALENT 

167X1 

OUTPUT O W, — -< 


ALL INPUT PULSES 



,5.3 ns 
B161-5 
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Switching Characteristics Over the Operating Range 13 - 6 ’ 71 


Parameters 

Description 

7B161-10 

7B162-10 

7B161-12 

7B162-12 

7B161-15 

7B162-15 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

Irc 

Read Cycle Time 

10 


12 


15 


ns 

!aa 

Address to Data Valid 


10 


12 


15 

ns 

toHA 

Output Hold from Address Change 

2 


3 


3 


ns 

tACE 

CE LOW to Data Valid 


10 


12 


15 

ns 

Idoe 



7 


7 


10 

ns 

Ilzoe 


2 


2 


3 


ns 

Ihzoe 

OE HIGH to High Z 181 


7 


7 


8 

ns 

tLZCE 

CE LOW to Low Z 191 

2 


3 


3 


ns 

Ihzce 

CE HIGH to High Z 18 - 91 


7 


7 


8 

ns 

WRITE CYCLE 1101 

twc 

Write Cycle Time 

10 


12 


15 


ns 

tsCE 

CE LOW to Write End 

8 


8 


10 


ns 

tAW 

Address Set-Up to Write End 

8 


8 


10 


ns 

W 

Address Hold from Write End 

0 


0 


0 


ns 

tsA 

Address Set-Up to Write Start 

0 


0 


0 


ns 

tpWE 

WE Pulse Width 

8 


8 


10 


ns 

tsD 

Data Set-Up to Write End 

6 


6.5 


8 


ns 

tHD 

Data Hold from Write End 

0 


0 


0 


ns 

Ilzwe 

WE HIGH to Low Z 191 (7B162) 

3 


3 


3 


ns 

tHZWE 

WE LOW to High Z 18 - 91 (7B162) 


7 


7 


7 

ns 

tAWE 

WE LOW to Data Valid (7B161) 


10 


12 


15 

ns 

tADV 

Data Valid to Output Valid (7B161) 


10 


12 


15 

ns 


Notes: 

6. Test conditions assume signal transition time of 3 ns or less, timing ref- 
erence levels of 1.5V, input pulse levels of 0 to 3.0V, and output load- 
ing of the specified Iol/Ioh and Cl = 20 pF. 

7. Both CEi and CE 2 are represented by CE in the Switching Character- 
istics and Waveforms section. 

8- tnzcE. tnzoE> and t HZWE are specified with Cl = 5 pF as in part (b) 
of AC Test Loads. Hansition is measured ± 200 mV from steady state 
voltage. 

9. At any given temperature and voltage condition, t H z is less than tLz 
for any given device. 

Switching Waveforms 171 


10. The internal write tim e of the memory is defined by the overlap ofCEi 
LOW, CE 2 LOW, and WE LOW. Both signals must be LOW to initiate 
a write and either signal can terminate a write by going HIGH. The 
data input set-up and hold timing should be referenced to the rising 
edge of the signal that terminates the write. 

11. WE is HIGH for read cycle. 

12. Device is continuously selected, CEi, CE 2 = Vjl. 

1 3. Address valid prior to or coincident wi th CE i and CE 2 transtion LOW. 

14. If CE goes HIGH simultaneously with WE HIGH, the output remains 
in a high-impedance state (7B162 only). 


Read Cycle No. I 111 - 121 
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CY7B162 



ADDRESS 


CE 


WE ■ 


DATA IN 


DATA OUT 
(7B162) 


DATA OUT 
(7B162) 


z> 

* t WC • 

( "1 

i 



■* *SCE m 

S Z 





mm 

mam 


m W 

■* t S A H 

* IpWE * 

p Via * 





l 

> 

c 

DATA-IN VALID 




■* — IhZWE -*j 

* — Vzwe — 


DATA UNDEFINED 

^ niun iwirtuHNoc ^ 

S ■ ... 


W>V 


DATA UNDEFINED 


X 


DATA VALID 


(CE Controlled) 110141 


ADDRESS 

OE 

We 

DATA IN 


DATA OUT 
(7C162) 


DATA OUT 
(7C161) 



* t W c ► 

< ' Z ~ _ > 

< 


* ■ — Va ■ *“ 

t SCE ► 




^ 

X / 

' 



** VwE 




mmmmm 



tsD *" 

1*- Vd -H 


" >r~ 

DATA-IN VALID ) ( 



m Vzwe — *■ 

MPEDANCE 


DATA UNDEFINED 




r We H 


DATA UNDEFINED 

/ 

[ DATA VALID 
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7B161 TVuth Table 


nn 

nn 

{2jU 

wm 

Outputs 

Inputs 

Mode 

B 

MM 

MM 

MM 

High Z 

X 

Deselect/Power-Down 

B 

■a 

b 

B 

High Z 

X 

Deselect/Power-Down 

MM 

L 

b 

MM 

Data Out 

X 

Read 

L 

MM 

MM 

MM 

Data In 

Data In 

Write 

L 

MM 

MM 

O 

High Z 

Data In 

Write 

L 

L 

El 

El 

High Z 

X 

Deselect 


7B162 TVuth Table 



E£S 

EuJ 

turn 

Outputs 

Inputs 

Mode 

B 

B 

B 

MM 

High Z 

X 

Deselect/Power-Down 

B 

B 

B 

MM 

High Z 

X 

Deselect/Power-Down 

MM 

MM 

B 

MM 

Data Out 

X 

Read 

B 

MM 

B 

MM 

High Z 

Data In 

Write 

L 

B 

B 

B 

High Z 

X 

Deselect 


Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

10 

CY7B162-10VC 

V21 

Commercial 

12 

CY7B162-12PC 

P21 

Commercial 

CY7B162-12VC 

V21 

CY7B162-12DC 

D22 

15 

CY7B162-15DMB 

D22 

Military 

CY7B162-15LMB 

L54 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

10 

CY7B161-10VC 

V21 

Commercial 

12 

CY7B161-12PC 

P21 

Commercial 

CY7B161-12VC 

V21 

CY7B161-12DC 

D22 

15 

CY7B161-15DMB 

D22 

Military 

CY7B161-15LMB 

L54 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 

Subgroups 

V OH 

1,2,3 

VOL 

1,2,3 

V, H 

1,2,3 

V IL Max. 

1, 2,3 

Iix 

1,2,3 

loz 

1,2,3 

Icc 

1,2,3 

IsB 

1,2,3 


Document #: 38-A-00014-A 


Switching Characteristics 


Parameters 

Subgroups 

READ CYCLE 

Iaa 

7, 8, 9, 10, 11 

k>HA 

7, 8, 9, 10, 11 

tACE 

7, 8, 9, 10, 11 

Idoe 

7, 8, 9, 10, 11 

WRITE CYCLE 

tsCE 

7, 8, 9, 10, 11 

tAW 

7, 8, 9, 10, 11 

tHA 

7, 8, 9, 10, 11 

tsA 

7, 8, 9, 10, 11 

tpWE 

7, 8, 9, 10, 11 

tsD 

7, 8, 9, 10, 11 

Ihd 

7, 8, 9, 10, 11 

tAWE^ 15 ' 

7, 8, 9, 10, 11 

Iadv 1151 

7, 8, 9, 10, 11 


Note: 

15. 7B161 only. 


2-115 

















































CY7C161 

CY7C162 



Features 

• Automatic power-down when 
deselected 

• Transparent write (7C161) 

• CMOS for optimum speed/power 

• High speed 

- 15 ns W 

• Low active power 

- 633 mW 

• Low standby power 

- 220 mW 

• TTL compatible inputs and outputs 


• Capable of withstanding greater than 
2001V electrostatic discharge. 

Functional Description 

The CY7C161 and CY7C162 are high-per- 
formance CMOS static RAMs organized 
as 16,384 by 4 bits with separate I/O. Easy 
memory expansion is provided by active 
LOW chip enables (CEj, CE 2 ) and three- 
state drivers. They have an automaticpow- 
er-down feature, reducing the power con- 
sumption by 65% when deselected. 
Writing to the device is accomplished when 
the c hip e nable (CEi, CE 2 ) and write en- 
able (WE) inputs are both LOW. Data on 
the four input pins (I 0 through I 3 ) is written 


into the memory location specified on the 
address pins (Ao through A 13 ). 

Reading the device is accomplished by tak- 
ing the chip enabl es (C Ei, CE 2 ) LOW 
while write enable (WE) remains HIGH. 
Under these conditions the contents of the 
memory location specified on the address 
pins will appear on the four data output 
pins. 

The output pins stay in h igh-i mpedance 
state when write enable (WE) is LOW 
(7C162 only), or one of the chip enables 
(CEi, CE 2 ) are HIGH. 

A die coat is used to insure alpha immunity. 



Selection Guide 



Maximum Access Time (ns) 
Maximum Operating Current (mA) 
Maximum Standby Current (mA) 


7C161-20 

7C 162-20 

7061- 25 

7062- 25 

7061- 35 

7062- 35 

7061- 45 

7062- 45 

20 

25 

35 

45 

80 

70 

70 

50 

40/20 

20/20 

20/20 

20/20 
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CY7C161 

CY7C162 


Maximum Rating 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature - 65 °C to + 150 °C 

Ambient Temperature with 

Power Applied -55°Cto + 125°C 

Supply Voltage to Ground Potential 

(Pin 24 to Pin 12) - 0.5V to +7.0V 

DC Voltage Applied to Outputs 

in High Z State - 0.5V to +7.0V 

DC Input Voltage - 3.0V to + 7.0V 

Output Current into Outputs (Low) 20 mA 


Static Discharge Voltage > 2001V 

(per MIL^STD-883, Method 3015) 

Latch-Up Current >200 mA 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70°C 

5V ± 10% 


Electrical Characteristics Over the Operating Range 


Parameters 

Description 

Test Conditions 

7C161-15 

7062-15 

7C161-20 

7C162-20 

7061- 25,35 

7062- 25,35 

7061- 45 

7062- 45 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 


Output HIGH Voltage 

Vcc = Min., 

Ioh = — 4.0 mA 

2.4 


B 


2.4 


2.4 


V 


Output LOW Voltage 

V C c = Min., 

Iol = 8.0 mA 


0.4 


0.4 


0.4 


0.4 

V 

V, H 

Input HIGH Voltage 


2.2 

EM 

2.2 

Vcc 

2.2 

Vcc 

2.2 

Vcc 

D 

V IL 

Input LOW Voltage' 1 ' 


-3.0 

0.8 

-3.0 

0.8 

-3.0 

0.8 


0.8 

MM 

Iix 

Input Load Current 

GNDj< V, <_V CC 

-10 

+ 10 

-10 

+ 10 

-10 

+ 10 

-10 

+ 10 

IlA 

loz 

Output Leakage 

Current 

GND <_ V,<. Vcc, 
Output Disabled 

-10 

+ 10 

-10 

+ 10 

-10 

+ 10 

-10 

+ 10 

pA 

los 

Output Short 

Circuit Current' 2 ' 

V C c = Max., 

Vqut = GND 


-350 


-350 


-350 


-350 

mA 

Icc 

V C c Operating 

Supply Current 

Vcc = Max-. 

Iout ~ 0 mA 


115 


80 


70 


50 

mA 

IsBl 

Automatic CEi Power- 
Down Current 

Max. Vcc, 

CE, _> V IH 

Min. Duty Cycle = 100% 


40 


40 

■ 

20 

■ 

20 

mA 

IsB2 

Automatic CE t Power- 
Down Current 

Max. Vcc, 

CEj_> V cc -0.3V, 

V in _>. V cc — 0.3V or 

Vin <_ 0.3V 


20 

1 

20 

1 

20 

1 

20 

mA 


Capacitance! 3 ' 


Parameters 

Description 

Test Conditions 

Max. 

Units 

ClN 

Input Capacitance 

1 

1 

5 

pF 

CoUT 

Output Capacitance 

7 

pF 


Notes: 

1. Vil min. = -3.0V for pulse durations less than 30 ns. 3. Tested initially and after any design or process changes that may affects 

2. Not more than 1 output should be shorted at one time. Duration of these parameters, 
the short circuit should not exceed 30 seconds. 
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CY7C161 

CY7C162 



AC Test Loads and Waveforms 

R1481X1. 


5V 0 


5 V 






30 pF ■ 

. 

1 R2 5 pF ■ 

. 



' 255X1 


INCLUDING 


INCLUDING 



JIG AND "=■ ■=" JIG AND "=■ 

SCOPE SCOPE 

(a) (b) 

Equivalent to: THEVENIN EQUIVALENT 

167X1 

OUTPUT O WN O 1 ,73V 


R2 

255X1 


ALL INPUT PULSES 


3.0V 

GND 



10% 
i5 ns 



Switching Characteristics Over the Operating Range 14 ' 51 


Parameters 

Description 

7061-15 

7C162-15 

7061- 20 

7062- 20 

7061- 25 

7062- 25 

7061- 35 

7062- 35 

7061- 45 

7062- 45 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

tRC 

Read Cycle Time 

15 


20 


25 


35 


45 


ns 

Iaa 

Address to Data Valid 


15 


20 


25 


35 


45 

ns 

toHA 

Output Hold from Address Change 

3 


5 


5 


5 


5 


ns 

tACE 



15 


20 


25 


35 


45 

ns 

Idoe 

OE LOW to Data Valid 


10 


10 


12 


15 


20 

ns 

tLZOE 

OE LOW to Low Z 

3 


3 


3 


3 


3 


ns 

tHZOE 



8 


8 


10 


12 


15 

ns 

tLZCE 

CE LOW to Low Z 161 

3 


5 


5 


5 


5 


ns 

tHZCE 

CE HIGH to High Z 16 ' 71 


8 


8 


10 


15 


15 

ns 

tpu 

CE LOW to Power-Up 

0 


0 


O 


0 


0 


ns 

tpD 

CE HIGH to Power-Down 


15 


20 


20 


20 


25 

ns 

WRITE CYCLE 18 ! 

twc 

Write Cycle Time 

15 


20 


20 


25 


40 


ns 

tsCE 

CE LOW to Write End 

12 


15 


20 


25 


30 


ns 

tAW 

Address Set-Up to Write End 

12 


15 


20 


25 


30 


ns 

tHA 

Address Hold from Write End 

0 


0 


D 


0 


0 


ns 

tsA 

Address Set-Up to Write Start 

0 


0 


0 


0 


0 


ns 

tpWE 

WE Pulse Width 

12 


15 


15 


20 


20 


ns 

tsD 

Data Set-Up to Write End 

10 


10 


10 


15 


15 


ns 

tHD 

Data Hold from Write End 

0 


0 


0 


0 


0 


ns 

tLZWE 

WE HIGH to Low Z 16 i (7C162) 

5 


5 


5 


5 


5 


ns 

tHZWE 



7 


7 


7 


10 


15 

ns 

tAWE 



15 


20 


25 


30 


35 

ns 

Iadv 

Data Valid to Output Valid (7C161) 


15 


20 


20 


30 


35 

ns 


Notes: 

4. Test conditions assume signal transition time of 5 ns or less, timing ref- 
erence levels of 1.5V, input pulse levels of 0 to 3.0V, and output load- 
ing of the specified Iol^oh and 30-pF load capacitance. 

5. Both CEi and CE 2 are represented by CE in the Switching Character- 
istics and Waveforms sections. 


6. At any given temperature and voltage condition, tnz is less than tiz 
for any given device. 

7. tnzcE and bizwE are specified with C L = 5 pF as in part (b) of AC 
Test Loads. TVansition is measured ±500 mV from steady state volt- 
age. 
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CY7C161 

CY7C162 


— ffl^^DUCTOR 

Switching Waveforms 171 

Read Cycle No. I* 9 ’ 101 


ADDRESS 


tRC 


X 


t0HA 


w 


DATA OUT 


PREVIOUS DATA VALID 





DATA VALID 


Cl 62-6 


Read Cycle No. 2 19 - 111 



8 . 



The internal write tim e of the memory is defined by the overlap of CEi 
LOW, CE 2 LOW, and WE LOW. Both signals must be LOW to initiate 
a write and either signal can terminate a write by going HIGH. The 
data input set-up and hold timing should be referenced to the rising 
edge of the signal that terminates the write. 


Cl 62-8 

9. WE is HIGH for read cycle. 

10. Device is continuously selected, CEj, CE 2 = Vil- 

11. Address valid prior to or coincident with CEi, CE 2 transition LOW. 

12. if CE goes HIGH simultaneously with WE HIGH, the output remains 
in a high-impedance state (7C162 only). 
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CY7C161 

CY7C162 


Switching Waveforms 171 (continued) 


Write Cycle No. 2 (CE Controlled) 18,121 



« t WC ► 


ADDRESS ) 

< > 

c 






m t 6A — m 

* *SCE m 

CE 




r w 

m We * 

s, z 

" w H 





tsD * 

<HD "H 

DATA IN 

DATA-IN VALID )( 


* VlZWE * 

1 

VIPEDANCE 

DATA OUT DATA UNDEFINED 


y 



h 'awe *1 


DATA OUT DATA UNDEFINED ^ 1 

/" 

■ DATA VALID 


062*9 


Typical DC and AC Characteristics 


NORMALIZED SUPPLY CURRENT 


NORMALIZED SUPPLY CURRENT 



4.0 


4.5 5.0 5.5 

SUPPLY VOLTAGE (V) 



6.0 


-55 25 125 

AMBIENT TEMPERATURE (°C) 



0.0 1.0 2.0 3.0 

OUTPUT VOLTAGE (V) 


4.0 


NORMALIZED ACCESS TIME 



4.0 4.5 5.0 5.5 6.0 


NORMALIZED ACCESS TIME 
vs. AMBIENT TEMPERATURE 



OUTPUT SINK CURRENT 



0.0 1.0 2.0 3.0 4.0 


SUPPLY VOLTAGE (V) 


AMBIENT TEMPERATURE (°C) 


OUTPUT VOLTAGE (V) 
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CY7C161 

CY7C162 



Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

15 

CY7C161-15PC 

P21 

Commercial 

CY7C161-15VC 

V21 

CY7C161-15DC 

D22 

CY7C161-15LC 

L54 

20 

CY7C161-20PC 

P21 

Commercial 

CY7C161-20VC 

V21 

CY7C161-20DC 

D22 

CY7C161-20LC 

L54 

25 

CY7C161-25PC 

P21 

Commercial 

CY7C161-25VC 

V21 

CY7C161-25DC 

D22 

CY7C161-25LC 

L54 

35 

CY7C161-35PC 

P21 

Commercial 

CY7C161-35VC 

V21 

CY7C161-35DC 

D22 

CY7C161-35LC 

L54 

45 

CY7C161-45PC 

P21 

Commercial 


CY7C161-45VC 

V21 



CY7C161-45DC 

D22 



CY7C161-45LC 

L54 



Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 


CY7C162-15PC 

P21 

Commercial 

CY7C162-15VC 

V21 

CY7C162-15DC 

D22 

CY7C162-15LC 

L54 

20 

CY7C162-20PC 

P21 

Commercial 

CY7C162-20VC 

V21 

CY7C162-20DC 

D22 

CY7C162-20LC 

L54 

25 

CY7C162-25PC 

P21 

Commercial 

CY7C162-25VC 

V21 

CY7C162-25DC 

D22 

CY7C161-25LC 

L54 

35 

CY7C162-35PC 

P21 

Commercial 

CY7C162-35VC 

V21 

CY7C162-35DC 

D22 

CY7C162-35LC 

L54 


CY7C162-45PC 

P21 

Commercial 


CY7C162-45VC 

V21 



CY7C 162-45DC 

D22 



CY7C162-45LC 

L54 



Document #: 38-00029 















































































































CY7C161A 

CY7C162A 



Features 

• Automatic power-down when dese- 
lected 

• Transparent write (7061 A) 

• CMOS for optimum speed/power 

• High speed 

— 15 ns tyu 

• Low active power 

— 550 mW 

• Low standby power 

— 220 mW 

• TTL-compatible inputs and outputs 


• Capable of withstanding greater than 
2001V electrostatic discharge. 

Functional Description 

The CY7C161A and CY7C162A are high- 
performance CMOS static RAMs orga- 
nizes as 16,384 by 4 bits with separate I/O. 
Easy memory expansion is provided by ac- 
tive LOW chip enables (CEi, CE 2 ) and 
three-state drivers. They have an automat- 
ic power-down feature, reducing the power 
consumption by 60% when deselected. 
Writing to the device is accomplished when 
the c hip e nable (CEi, CE 2 ) and write en- 
able (WE) inputs are both LOW. Data on 
the four input pins (I 0 through I 3 ) is written 


into the memory location specified on the 
address pins (Ao through Ai 3 ). 

Reading the device is accomplished by tak- 
ing the chip enabl es (C Ei, CE 2 ) LOW 
while write enable (WE) remains HIGH. 
Under these conditions the contents of the 
memory location specified on the address 
pins will appear on the four data output 
pins. 

The output pins stay in h igh-i mpedance 
state when write enable (WE) is LOW 
(7C162A only), or one of the chip enables 
(CEi, CE 2 ) are HIGH. 

A die coat is used to insure alpha immunity. 



Logic Block Diagram Pin Configurations 




Selection Guide 


Maximum Access Time (ns) 


Maximum Operating Commercial 

Current (mA) w .,. t 

Military 


Maximum Standby Commercial 
Current (mA) 


7C161A-15 

7C162A-15 

7C161A-20 

7C162A-20 

7C161A-25 

7C162A-25 

7C161A-35 

7C162A-35 

7C161A-45 

7C162A-45 

15 

20 

25 

35 

45 

115 

100 

100 

100 

100 


100 

100 

100 

100 

40/20 

20 

30/20 

30/20 

30/20 


40/20 

40/20 

30/20 

30/20 
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CYPRESS 

~=^= F SEMKXJNDUCTOR = 

Maximum Rating 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


CY7C161A 

CY7C162A 


Storage Temperature - 65 °C to + 150 °C 

Ambient Temperature with 

Power Applied - 55 °C to + 125 °C 

Supply Voltage to Ground Potential 

(Pin 24 to Pin 12) - 0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State - 0.5V to + 7.0V 

DC Input Voltage - 3.0V to + 7.0V 

Output Current into Outputs (Low) 20 mA 

Electrical Characteristics Over the Operating Range 121 


Static Discharge Voltage > 2001V 

(per MIUSTD-883, Method 3015) 

Latch-Up Current > 200 mA 


Operating Range 

Range 

Commercial 

Military! 1 ! 


Ambient 

Temperature 

0°C to + 70°C 
- 55 °C to + 125 °C 


Vcc 

5V ± 10% 
5V ± 10% 



7C161A-15 

7C162A-15 


7C161A-20 7C161A-25 7C161A-35,45 

7C162A-20 7C162A-25 7C162A-35.45 


i 


Description 


Output HIGH Voltage 


Output LOW Voltage 


Input HIGH Voltage 


Input LOW Voltage 


Input Load Current 


Output Leakage 
Current 


Output Short 
Circuit Current 141 


V c c Operating 
Supply Current 


Test Conditions 




GND <. Vi <. V cc 

- 10 

+ 10 

- 10 

+ 10 

-10 

+ 10 

GND <_V,<.V CC , 

Output Disabled 

- 10 

+ 10 

- 10 

+ 10 

-10 

+ 10 

V cc = Max., 

Vqut = GND 


-350 


-350 


-350 

V C c = Max. 



gj£jg 




miin 

Iout = 0 mA 

Mil 






fiSl 

Max. Vcc, 

CE j> V 1H , 

Com’l 


40 


40 


30 

Min. Duty 

Cycle = 100% 

Mil 




40 


40 

Max. V cc , 

CEj >. Vcc -0.3V, 

Com’l 


20 


20 


20 

V IN V cc ~ 0.3V 
orVi N <. 0.3V 

Mil 




20 


20 


+ 10 

jxA 

+ 10 

jxA 

-350 

mA 

100 

mA 

100 


30 

mA 

30 


20 

mA 

20 



Capacitance 151 


Parameters 

Description 

ClN 

Input Capacitance 

CoUT 

Output Capacitance 


Test Conditions 


T a = 25 °C, f = 1 MHz, 
Vcc = 5.0 V 



Notes: 

1. T A is the “instant on” case temperature. 

2. See the last page of this specification for Group A subgroup testing 
information. 

3. V[ L min. = -3.0V for pulse durations less than 30 ns. 

AC Test Loads and Waveforms 

Rt481fl, R1 481X1 



4. Not more than 1 output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 

5. Tested initially and after any design or process changes that may affect 
these parameters. 


ALL INPUT PULSES 



Equivalent to: THEVENIN EQUIVALENT 

1670. 

OUTPUT O W V t 
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CYPRESS 

r SEMODNDUCTC* 


CY7C161A 

CY7C162A 


Switching Characteristics Over the Operating Range 12, 6> 71 


Parameters Description 


READ CYCLE 


Read Cycle Time 


Address to Data Valid 


Output Hold from 
Address Change 


CE LOW to Data Valid 


i^bb— i 

ItSiEZESBI 

i^ssaaBBsa 



i^saan 

gaggs 


WRITE CYCLE 1101 


Write Cycle Time 




Address Set-Up to 
Write End 


Address Hold from 
Write End 


Address Set-Up to Write 
Start 


Data Set-Up to 
Write End 


Data Hold from 
Write End 


QSzmsSH 



7C161A-15 

7C162A-15 


7C161A-20 

7C162A-20 


7C161A-25 

7C162A-25 


7C161A-35 

7C162A-35 


Min. Max. Min. Max. Min. Max. Min. Max. 


Data Valid to 
Output Valid (7C161A) 



6. Test conditions assume signal transition time of 5 ns or less, timing ref- 
erence levels of 1.5V, input pulse levels of 0 to 3.0V, and output load- 
ing of the specified Iol/Ioh and 30-pF load capacitance. 

7. Both CEi and CE 2 are represented by CE in the Switching Character- 
istics and Waveforms sections. 

8. At any given temperature and voltage condition, tnz is less than tLz 
for any given device. 

9. t H zcE and t H zwE are specified with Cl = 5 pF as in part (b) of AC 
Test Loads and Waveforms. Transition is measured ± 500 mV from 
steady state voltage. 


10. The internal write tim e of the memory is defined by the overlap of CEj 
LOW, CE 2 LOW, and WE LOW. Both signals must be LOW to initiate 
a write and either signal can terminate a write by going HIGH. The 
data input set-up and hold timing should be referenced to the rising 
edge of the signal that terminates the write. 

11. WE is HIGH for read cycle. 

12. Device is continuously selected, CEj, CE 2 = V IL . 

13. Address valid prior to or coincident with CEi, CE 2 transition LOW 

14. If CE goes HIGH simultaneously with WE HIGH, the output remains 
in a high-impedance state (7C162A only). 
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' CYPRESS 

■ r SEMK^MWCTCK 


CY7C161A 

CY7C162A 


Switching Waveforms * 71 
Read Cycle No. I* 11, 121 



m ^ 


ADDRESS ^ 

( ^ 

< 


* *AA ; 

m *OHA H 


i 


DATA OUT PREVIOUS DATA VALID ■) 

mm 

( DATA VALID 


C161A-6 


Read Cycle No. 2*“’ 131 




C161A-8 
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£#ctfress 

S? SEMK2QNDUCTOR 


CY7C161A 

CY7C162A 


Switching Waveforms (continued) 




DATA IN 


DATA OUT 
(7C162A) 


DATA OUT 
(7C161A) 


X 


DATA UNDEFINED 


^SD 



« iwc » 


ADDRESS y 

( > 

< 


* ' tsA _ ► 

"• tsCE * 



CE 

s 

'v 7 

/ 


'aw * 


VlD -H 


DATA-IN VALID 


X 


*HZWE 


> 


HIGH IMPEDANCE 


♦awe 


DATA UNDEFINED 


X 


DATA VALID 


Typical DC and AC Characteristics 


NORMALIZED SUPPLY CURRENT 


NORMALIZED SUPPLY CURRENT 



NORMALIZED ACCESS TIME 


NORMALIZED ACCESS TIME 




4.0 


4.5 5.0 5.5 

SUPPLY VOLTAGE (V) 


6.0 


-55 25 125 

AMBIENT TEMPERATURE (°C) 



0,0 


1.0 2.0 3.0 

OUTPUT VOLTAGE (V) 


4.0 


OUTPUT SINK CURRENT 



0.0 


1.0 2.0 3.0 

OUTPUT VOLTAGE (V) 


4.0 
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CY7C161A 

CY7C162A 



Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

15 

CY7C161A-15PC 

P21 

Commercial 

CY7C161A-15VC 

V21 

CY7C161A-15DC 

D22 

CY7C161A-15LC 

L54 

20 

CY7C161A-20PC 

P21 

Commercial 

CY7C161A-20VC 

V21 

CY7C161A-20DC 

D22 

CY7C161A-20LC 

L54 

CY7C161A-20DMB 

D22 

Military 

CY7C161A-20LMB 

L54 

25 

CY7C161A-25PC 

P21 

Commercial 

CY7C161A-25VC 

V21 

CY7C161A-25DC 

D22 

CY7C161A-25LC 

L54 

CY7C161A-25DMB 

D22 

Military 

CY7C161A-25LMB 

L54 

35 

CY7C161A-35PC 

P21 

Commercial 

CY7C161A-35VC 

V21 

CY7C161A-35DC 

D22 

CY7C161A-35LC 

L54 

CY7C161A-35DMB 

D22 

Military 

C Y7C 16 1A-35LMB 

L54 

45 

CY7C161A-45PC 

P21 

Commercial 

CY7C161A-45VC 

V21 

CY7C161A-45DC 

D22 

C Y7C 16 1 A-45LC 

L54 

CY7C161A-45DMB 

D22 

Military 

CY7C161A-45LMB 

L54 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

15 

CY7C162A-15PC 

P21 . 

Commercial 


CY7C162A-15VC 

V21 



CY7C162A-15DC 

D22 



CY7C162A-15LC 

L54 


20 

C Y7C 162A-20PC 

P21 

Commercial 


CY7C162A-20VC 

V21 



C Y7C 162A-20DC 

D22 



C Y7C 162A-20LC 

L54 



CY7C162A-20DMB 

D22 

Military 


CY7C 162A-20LMB 

L54 



C Y7C 162A-20KMB 

K74 


25 

CY7C162A-25PC 

P21 

Commercial 


C Y7C 162A-25 V C 

V21 



CY7C 162A-25DC 

D22 



CY7C161A-25LC 

L54 



CY7C 162A-25DMB 

D22 

Military 


CY7C 162A-25LMB 

L54 



CY7C 162A-25KMB 

K74 


35 

C Y7C 162A-35PC 

P21 

Commercial 


C Y7C 162A-35 V C 

V21 



CY7C 162A-35DC 

D22 



C Y7C 162A-35LC 

L54 



C Y7C 162A-35DMB 

D22 

Military 


C Y7C 162A-35LMB 

L54 



CY7C162A-35KMB 

K74 


45 

C Y7C 162A-45PC 

P21 

Commercial 


CY7C162A-45VC 

V21 



CY7C162A-45DC 

D22 



CY7C 162A-45LC 

L54 



CY7C162A-45DMB 

D22 

Military 


CY7C162A-45LMB 

L54 



CY7C162A-45KMB 

K74 
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CY7C161A 

CY7C162A 

^=S0. SMOQNDIOOR — - — ; , — ,— 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 


Parameters 

Subgroups 

V OH 

1,2,3 

V OL 

1,2,3 

V, H 

1,2,3 

V, L Max. 

1,2,3 

I.x 

1,2,3 

loz 

1,2,3 

los 

1,2,3 

Icc 

1,2,3 

IsBl 

1,2,3 

IsB2 

1,2,3 


Switching Characteristics 


Parameters 

Subgroups 

READ CYCLE 

Irc 

7, 8, 9, 10, 11 

Iaa 

7, 8, 9, 10, 11 

toHA 

7, 8, 9, 10, 11 

tACE 

7, 8, 9, 10, 11 

toOE 

7, 8, 9, 10, 11 

WRITE CYCLE 

twc 

7, 8, 9, 10, 11 

tsCE 

7, 8, 9, 10, 11 

tAW 

7, 8, 9, 10, 11 

tHA 

7, 8, 9, 10, 11 

tsA 

7, 8, 9, 10, 11 

tpWE 

7, 8, 9, 10, 11 

tsD 

7, 8, 9, 10, 11 

Ihd 

7, 8, 9, 10, 11 

tAWE llS| 

7, 8, 9, 10, 11 

tADV 1151 

7, 8, 9, 10, 11 


Notes: 

15. 7C161 A only. 
Document #: 38-00116 
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CY7B164 

PRELIMINARY CY7B166 


CYPRESS 
SEMICONDUCTOR 


16,384 x 4 Static R/W RAM 


Features 

• BiCMOS for optimum speed/power 

• High speed 

- 10 ns tAA 

• Low active power 

- 600 mW 

• Low standby power 

- 200 mW 

• Output Enable (OE) feature (7B166) 

• TTL-compatible inputs and outputs 

• Capable of withstanding greater than 
2001V electrostatic discharge 


Functional Description 

The CY7B164 and CY7B166 are high-per- 
formance BiCMOS static RAMs organized 
as 16,384 x 4 bits. These RAMs are devel- 
oped by Aspen Semiconductor Corpora- 
tion, a subsidiary of Cypress Semiconduc- 
tor. Easy memory expansion is provided by 
an active LOW chip enable (CE) and three- 
state drivers. The CY7B166 has an active 
LOW output enable (OE) feature. Both de- 
vices have an automatic power-down fea- 
ture, reducing the power consumption by 
67% when deselected. 

Writing to the device is accomplished when 
the chip enable (CE) and write enable (WE) 


inputs are both LOW. Data on the four in- 
put/output pins (I/O 0 through I/O3) is writ- 
ten into the memory location specified on 
the address pins (Aq through A 13 ). 

Reading the device is accomplished by taking 
chip enable (CE) LOW (and OE LOW for 
7B166) while write enable (WE) remains 
HIGH. Under these conditions the contents 
of the memory location specified on the ad- 
dress pins will appear on the four data I/O 
pins. 

The I/O pins stay in high-impedance state 
when chip enable (CE) is HIGH, or write en- 
able (WE) is LOW (or output enable (OE) 
is HIGH for 7B166). 



Selection Guide 



7B164-10 

7B166-10 

7B164-12 

7B166-12 

7B164-15 

7B166-15 

Maximum Access Time (ns) 

10 

12 

15 

Maximum Operating 

Current (mA) 

Commercial 

130 

120 


Military 



135 

Maximum Standby 

Current (mA) 

Commercial 

40 

40 


Military 



50 
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CYPRESS 

SEMICONDUCTOR 


PRELIMINARY 


CY7B164 

CY7B166 


Maximum Ratings 

(Above which the useful life may be impaired. Exposure to absolute maximum rated conditions for extended periods may affect device 
reliability. For user guidelines, not tested.) 

Storage Temperature -65°Cto + 150 °C Static Discharge Voltage > 2001V 

Ambient Temperature with ^ MIL-STD-883, Method 3015) 

Power Applied - 55 °C to + 125 °C Latch-Up Current >200 mA 

Supply Voltage to Ground Potential - 0.5V to + 7.0V Operating Range 


DC Voltage Applied to Outputs 

in High Z State - 0.5V to + 7.0V 

DC Input Voltage 111 - 3.0V to + 7.0V 

Output Current into Outputs (Low) 20 mA 


Electrical Characteristics Over the Operating Range 131 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70°C 

5V ± 10% 

Military 121 

- 55 °C to + 125 °C 

5V ± 10% 



Description 


Output HIGH Voltage 


Test Conditions 


oh = -4.0 mA Con 


Ioh — “2.0 mA Mil 


Output LOW Voltage | V C c = Min., Iql = 8.0 mA 


Input HIGH Voltage 


Input LOW Voltage 111 


Input Load Current 


Output Leakage 
Current 


Vcc Operating 
Supply Current 


GND <_ V, < V cc 


GND <.V 0 <.Vcc, 
Output Disabled 


V cc = Max., Iout — 0 mA, 
f = fmax. 



7B164-10 

7B166-10 

7B164-12 

7B166-12 

7B164-15 

7B166-15 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

2.4 


2.4 


2.4 



0.4 


0.4 


wm 

2.2 

ESlH 

Vcc 

2.2 

Vcc 1 


-10 

+ 10 

-10 

+ 10 

-10 

+ 10 

-10 

+ 10 

-10 

+ 10 

-10 

+ 10 


■m 










135 


40 


40 








50 


Capacitance 1 ' 


Parameters 

Description 

ClN 

Input Capacitance 

CquT 

Output Capacitance 


Test Conditions 



1. V( L (min.) = -3.0V for pulse width < 20 ns. 

2. T a is the “instant on” case temperature. 


4. Tested initially and after any design or process changes that may affect 
these parameters. 


3. See the last page of this specification for Group A subgroup testing 5. For all packages except CERDIP (D10, D14), which has maximums 
information. of Cjn = 8 pF, Cqut = 9 pF. 


AC Test Loads and Waveforms 

R1 481,0. 


INCLUDING 
JIG AND — 
SCOPE “ 


INCLUDING 
JIG AND — 
SCOPE “ 


ALL INPUT PULSES 


10% ^ 

’ 90% 

S. 3 ns 



Equivalent to: 


THEVENIN EQUIVALENT 
1670, 
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CY7B164 

PRELIMINARY CY7B166 



Switching Characteristics Over the Operating Range 13 - 61 


Parameters 

Description 

7B164-10 

7B166-10 

7B164-12 

7B166-12 

7B164-15 

7B166-15 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

tRC 

Read Cycle Time 

10 


12 


15 


ns 

Iaa 

Address to Data Valid 


10 


12 


15 

ns 

tOHA 

Output Hold from Address Change 

2 


3 


3 


ns 

tACE 



10 


12 


15 

ns 

Idoe 


7B166 


7 


7 


10 

ns 

tLZOE 


7B166 

2 


2 


3 


ns 

tHZOE 

OE HIGH to High Zl 7 l 

7B166 


7 


7 


8 

ns 

Ilzce 

i| *1 j 

2 


3 


3 


ns 

tHZCE 

CE HIGH to High Zt 7 - 8 ! 


7 


7 


8 

ns 

WRITE CYCLEi 9 ! 

twc 

Write Cycle Time 

10 


12 


15 


ns 

tsCE 

:* l ■ !T ■ —MM 

8 


8 


10 


ns 

tAW 

Address Set-Up to Write End 

8 


8 


10 


ns 

tHA 

Address Hold from Write End 

0 


0 


0 


ns 

tsA 

Address Set-Up to Write Start 

0 


0 


0 


ns 

tpWE 

WE Pulse Width 

8 


8 


10 


ns 

tsD 

Data Set-Up to Write End 

6 


6.5 


8 


ns 

Ihd 

Data Hold from Write End 

0 


0 


0 


ns 

tLZWE 

WE HIGH to Low Z 

3 


3 


3 


ns 

tHZWE 


0 

7 

0 

7 

mi 

7 

ns 


Notes: 

6. Test conditions assume signal transition time of 3 ns or less, timing ref- 
erence levels of 1,5V, input pulse levels of 0 to 3.0V, and output load- 
ing of the specified Iol^oh. and Cl = 20 pF. 

2 , tnzcE. Ihzwe. and tnzoE are specified with Cl = 5 pF as in part (b) 
in AC Test Loads. Transition is measured ± 200 mV from steady state 
voltage. 

8. At any given temperature and voltage condition, t H zcE is less than 
Ilzce f°r any given device. These parameters are guaranteed and not 
100% tested. 


9. The inter nal w rite time of the memory is defined by the overlap of CE 
LOW and WE LOW. Both signals must be LOW to initiate a write and 
either signal can terminate a write by going HIGH. The data input set- 
up and hold timing should be referenced to the rising edge of the signal 
that terminates the write. 
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CY7B164 

PRELIMINARY CY7B166 



Switching Waveforms 

Read Cycle No. I' 10 ' U 1 



« tRc * 


ADDRESS ) 

( > 

( 


tAA ■ 

* *OHA ► 


1 


DATA OUT PREVIOUS DATA VALID ^ 

^xx> 

£ DATA VALID 


B164-9 


Read Cycle No. 2 [10, 121 




m 

7B166 


DATA OUT 


<RC 


Jf 


♦ace 




Idoe 


— kzOE 
HIGH IMPEDANCE 


<LZCE 


m 




tHZOE 

VlZCE 




DATA VALID 


> 


HIGH 

IMPEDANCE 


B164-10 



B184-11 


Not es: 

10. WE is HIGH for read cycle. 

11. Device is continuously selected, CE = V| L . (7B166: OE = V IL also). 

12. Address valid prior to or coincident with CE transition low. 


13. 7B166 only: Data I/O will be high impedance if OE = V] H . 

14. If CE goes HIGH simultaneously with WE HIGH, the output remains 
in a high-impedance state. 
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CY7B164 

PRELIMINARY CY7B166 


. .. , ~7 i“^noE-oo 

-= == ?■ SEMiCONDUCTCR : 

Switching Waveforms (continued) 
Write Cycle No. 2 (CE Controlled)! 9 13 - 14 > 



7B164 Truth Table 


CE 

WE 

Inputs/Outputs 

Mode 

H 

X 

High Z 

Deselect/Power-Down 

L 

H 

Data Out 

Read 

L 

L 

Data In 

Write 


Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

10 

CY7B164-10VC 

V13 

Commercial 

12 

CY7B164-12PC 

P9 

Commercial 

CY7B164-12VC 

V13 

CY7B164-12DC 

DIO 

15 

CY7B164-15DMB 

DIO 

Military 

CY7B 164- 15LMB 

L52 


7B166 Truth Table 


CE 

WE 

OE 

Inputs/Outputs 

Mode 

H 

X 

X 

High Z 

Deselect/Power-Down 

L 

H 

L 

Data Out 

Read 

L 

L 

X 

Data In 

Write 

L 

H 

H 

High Z 

Deselect 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

10 

CY7B166-10VC 

V13 

Commercial 

12 

CY7B166-12PC 

P13 

Commercial 

CY7B166-12VC 

V13 

CY7B166-12DC 

D14 

15 

C Y7B 166- 15DMB 

D14 

Military 

CY7B166-15LMB 

L54 
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CY7B164 

PRELIMINARY CY7B166 


®P/ctfress 

■■■-=201 & SEMKXJNDUCTCR 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 


Parameters 

Subgroups 

Vqh 

1,2,3 

VoL 

1,2,3 

V JH 

1,2,3 

Vil Max. 

1,2,3 

Iix 

1,2,3 

loz 

1,2,3 

Icc 

1,2,3 

Isb 

1,2,3 


Switching Characteristics 


Parameters 

Subgroups 

READ CYCLE 

tAA 

7, 8, 9, 10, 11 

to HA 

7, 8, 9, 10, 11 

tACE 

7, 8, 9, 10, 11 

tDOE 115 ’ 

7, 8, 9, 10, 11 

WRITE CYCLE 

tsCE 

7, 8, 9, 10, 11 

tAW 

7, 8, 9, 10, 11 

tHA 

7, 8, 9, 10, 11 

tsA 

7, 8, 9, 10, 11 

tpWE 

7, 8, 9, 10, 11 

tsD 

7, 8, 9, 10, 11 

Ihd 

7, 8, 9, 10, 11 


Note: 

15. 7B166 only. 

Document#: 38-A-00015-A 
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fs CYPRESS 
— SEMICONDUCTOR 


CY7C164 

CY7C166 

16,384 x 4 Static R/W RAM 


Features 

• Automatic power-down when 
deselected 

• Output Enable (OE) feature (7C166) 

• CMOS for optimum speed/power 

• High speed 

- 15 ns Ua 

• Low active power 

- 633 mW 

• Low standby power 

- 220 mW 

• TTL-compatible inputs and outputs 

• Capable of withstanding greater than 
2001V electrostatic discharge 


Functional Description 

The CY7C164 and CY7C166 are high-per- 
formance CMOS static RAMs organized as 
16,384 by 4 bits. Easy memory expansion is 
prov ided by an active LOW chip enable 
(CE) and three-state drivers. The 
CY7C166 has an active low output enable 
(OE) feature. Both devices have an auto- 
matic power-down feature, reducing the 
power consumption by 65% when dese- 
lected. 

Writing to the device is accomplished when 
the c hip enable (CE) and write enable 
(WE) in puts are both LOW (and the output 
enable (OE) is LOW for the 7C166). Data 


on the four input/output pins (I/Oo through 
I/O 3 ) is written into the memory location 
specified on the address pins (Ao through 
A 13 ). 

Reading the device is accomplished by taking 
chip enable (CE) LOW (and OE LOW for 
7C166), while write enable (WE) remains 
HIGH. Under these conditions the contents 
of the memory location specified on the ad- 
dress pins will appear on the four data I/O 
pins. 

The I/O pins stay in high-impedance state 
when chip enable (CE) is HIGH, or write en- 
able (OE) is HIGH for 7C166). A die coat is 
used to insure alpha immunity. 


Logic Block Diagram 


Pin Configurations 


INPUT BUFFER 


DIP 

Top View 


SOJ 

Top View 


DIP/SOJ 
Top View 


1 22 

: Vcc 

AsC 

1 

j — 

24 

3 Vcc 

AsC 

1 

24 

2 21 

3 a. 

AeC 

2 

23 

3 A4 

AeC 

2 

23 

3 20 

3 As 

A 7 C 

3 

22 

3 As 

ArC 

3 

22 

4 19 

3 A? 

AeC 

4 

21 

3 a. 

AsC 

4 

21 

5 18 

3 A, 

AgC 

5 

20 

3 A, 

Ag C 

5 

20 

6 7C164 17 

3 Ao 

A,oC 

6 7C164 19 

3 Ao 

A,o L 

6 

7C166 ig 

7 16 

3 1/O3 

A„C 

7 

18 

3 NC 

A„ C 

7 

18 

8 15 

3 l/0 2 

a, 2 C 

8 

17 

3 1/O3 

a, 2 L 

8 

17 

9 14 

3 I/O, 

A13L 

9 

16 

3 i/o 2 

a, 3 C 

9 

16 

10 13 

3 1/O0 

NC C 

10 

15 

3 1 / 0 , 

CE C 

10 

15 

11 12 

3 wE 

se c 

11 

14 

3 1/O0 

oE C 

11 

14 



GND C 

12 

13 

3 WE 





256 x 64 x 4 
ARRAY 


COLUMN ™ 
DECODER ~ 


WE. 

(OE) 

(7C166 ONLY) 


LCC 
Top View 

f 2X2221} 

A 7 p3 ■■ 20 4 A3 

A3 P 4 19< A 2 

Ag p 5 184 a, 

A, 0 p6 7C164 174 Ao 

An p 7 164 |/0 3 

A,j p8 154 |/o 2 

A13 p 9 14C I/O, 

k 10 1112 13 J 

I Lit O | LU 0 

lo z|g g 


LCC 
Top View 


3 2,1,2827 } 

Ae p 4 26 c NC 

A7 p 5 25 4 A< 

As b 6 244 A, 

Ag p7 23C A 2 

AiobB 7C166 22C A, 


ISpISI 




Selection Guide 


Maximum Access Time (ns) 


Maximum Operating Current (raA) 


Maximum Standby Current (mA) 


7C164-15 

7C166-15 

7C164-20 

7C166-20 

7C164-25 

7C166-25 

7C164-35 

7C 166-35 

7C164-45 

7C166-45 

15 

20 

25 

35 

45 

115 

80 

70 

70 

50 

40/20 

40/20 

20/20 

20/20 

20/20 
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CY7C164 

CY7C166 


Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature -65°Cto + 150° °C 

Ambient Temperature with 

Power Applied -55°Cto + 125 °C 

Supply Voltage to Ground Potential - 0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State - 0.5V to + 7.0V 

DC Input Voltage - 3.0V to + 7.0V 

Output Current into Outputs (Low) 20 mA 


Static Discharge Voltage > 2001V 

(per MII^STD-883, Method 3015) 

Latch-Up Current > 200 mA 

Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70 °C 

5V ± 10% 


Electrical Characteristics Over the Operating Range 


Parameters 

Description 

Test Conditions 

7C164-15 

7C166-15 

7C 164-20 
7C166-20 

7C164-25,35 
7C 166-25,35 

7C164-45 

7C166-45 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 



Max. 

Min. 

Max. 

VoH 

Output HIGH Voltage 

V cc = Min., 

Ioh = “ 4.0 mA 

m 


m 


□ 


□ 


n 

< 

o 

r 

Output LOW Voltage 

V cc = Min., 

Iol = 8.0 mA 


0.4 


0.4 


0.4 


0.4 

V 

VlH 

Input HIGH Voltage 


2.2 

Vcc 

2.2 

OSS 

2.2 


2.2 

Vcc 

mm 

V, L 

Input LOW Voltage 111 



ill 


0.8 

-3.0 

0.8 


u 

KM 

Iix 

Input Load Current 

GND <. V, <_ V cc 

-10 

+ 10 

-10 

+ 10 

-10 

+ 10 

-10 

+ 10 

*lA 

loz 

Output Leakage 

Current 

GND <_ Vo<_ V cc > 
Output Disabled 

-10 

+ 10 

-10 

+ 10 

-10 

+ 10 

-10 

+ 10 

m-a 

los 

Output Short 

Circuit Current 121 

V C c = Max., 

Vqut — GND 


-350 


-350 


-350 


-350 

mA 

Icc 

V C c Operating Supply 
Current 

o' < 
3 o 

II >1 

If 


115 


80 


70 


50 

mA 

IsBl 

Automatic CE 
Power-Down Current 131 

Max. V C c, CE _>. Vjh, 
Min. Duty Cycle = 
100% 

■ 

40 

■ 

40 

■ 

20 

■ 

20 

mA 

IsBl 

Automatic CE 
Power-Down Current 131 

Max. Vcc, 

CE V cc -0.3V, 

V IN J> Vcc - 0.3V 
or V IN < 0.3V 

1 

20 

1 

20 

■ 

20 


20 

mA 


Capacitance 141 


Parameters 

Description 

Test Conditions 

Max. 

Units 

ClN 

Input Capacitance 


5 

pF 

CqUT 

Output Capacitance 

7 

pF 


Notes: 

1. Vjl min. = -3.0V for pulse durations less than 30 ns. 4. Tested initially and after any design or process changes that may affect 

2. Not more than 1 output should be shorted at one time. Duration of these parameters, 

the short circuit should not exceed 30 seconds. 

3. A pull-up resistor to V cc on the CE input is required to keep the de- 
vice deselected during Vcc power-up, otherwise Isb will exceed values 
given. 
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.■a^voprcc 

-== r SEMICONDUCTOR — 

AC Test Loads and Waveforms 

R1 481,0. 


CY7C164 

CY7C166 


ALL INPUT PULSES 


INCLUDING 
JIG AND "=• 
SCOPE “ 


INCLUDING 
JIG AND ■=■ 
SCOPE ~ 


Equivalent to: THEVENIN EQUIVALENT 

1670. 

OUTPUT O- V A •• O 1 .73 V 

Switching Characteristics Over the Operating Range 151 


7C164-15 

7C166-15 


7C 164-20 
7C 166-20 


7C164-25 

7C166-25 


7C164-35 

7C166-35 


7C164-45 

7C166-45 


Parameters 


READ CYCLE 


Description 


Min. I Max. I Min. I Max. I Min. I Max. I Min. I Max. I Min. I Max. I Units 



Read Cycle Time 


Address to Data Valid 


Output Hold from Address 
Change 


HBBB 

Usman! 

■iiiiilMiililSIBIM 


tpu 


tpD 


WRITE CYCLE 181 


CE HIGH to High Z 16 ' 7 1 


KUSHSEI 



25 


35 


45 


5 


5 


25 


35 


45 

12 


15 


20 


3 


3 


10 


12 


15 


5 


5 


10 


15 


15 


0 


0 


20 


20 


25 


Write Cycle Time 


Address Set-Up to Write End 


Address Hold from Write End 


Address Set-Up to Write Start 


WE Pulse Width 


Data Set-Up to Write End 


Data Hold from Write End 


twc 


tsCE 


tAW 


W 


tSA 


tpWE 


tsD 


tHD 


tLZWE 


Ihzwe 


Notes: 

5. Test conditions assume signal transition time of 5 ns or less, timing ref- 
erence levels of 1.5V, input pulse levels of 0 to 3.0V, and output load- 
ing of the specified Iol/Ioh and 30-pF load capacitance. 

6. At any given temperature and voltage condition, t H zcE is l ess than 
*lzce for any given device. These parameters are guaranteed and not 
100% tested. 

7- tfizcE and t H zwE are specified with Cl = 5 pF as in part (b) in AC 
Test Loads. Transition is measured ± 500 mV from steady state volt- 
age. 


WE LOW to High Z 16 ' 71 


15 


20 


20 


25 


40 


ns 

12 


15 


20 


25 


30 


ns 

12 


15 


20 


25 


30 


ns 

0 


0 


0 


0 


0 


ns 

0 


0 


0 


0 


0 


ns 

12 


15 


15 


20 


20 


ns 

10 


10 


10 


15 


15 


ns 

0 


0 


0 


0 


0 


ns 

5 


5 


5 


5 


5 


ns 


7 


7 


7 


10 


15 

ns 


8. The inter nal w rite time of the memory is defined by the overlap of CE 
LOW and WE LOW. Both signals must be LOW to initiate a write and 
either signal can terminate a write by going HIGH. The data input set- 
up and hold timing should be referenced to the rising edge of the signal 
that terminates the write. 
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CYPRESS 

SEMICOTOUCTOR 


CY7C164 

CY7C166 


Switching Waveforms 

Read Cycle No. I' 9 - 10 1 



—————— —————— tR C m 


ADDRESS ^ 

i ) 

< 


*■ W • 

r* *OHA H 


1 


DATA OUT PREVIOUS DATA VALID 


( DATA VALID 


C164-9 


Read Cycle No. I 9 - “1 




C164-11 


Not es: 

9. WE is HIGH for read cycle. 12. 7C166 only: Data I/O will be high impedance if OE = Vj H . 

10. Device is continuously selected, CE = Vjl. (7C166: OE = ViLalso). 13. If CEgoes HIGH simultaneously with WE HIGH, the output remains 

11. Address valid prior to or coincident with CE transition low. in a high-impedance state. 
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CY7C164 

CY7C166 



Switching Waveforms (continued) 
Write Cycle No. 2 (CE Controlled)' 8 - 12 - 13 ' 



NORMALIZED SUPPLY CURRENT 



4.0 4.5 5.0 5.5 6.0 


SUPPLY VOLTAGE (V) 
NORMALIZED ACCESS TIME 



4.0 4.5 5.0 5.5 6.0 

SUPPLY VOLTAGE (V) 


NORMALIZED SUPPLY CURRENT 



-55 25 125 


AMBIENT TEMPERATURE (°C) 
NORMALIZED ACCESS TIME 



-55 25 125 


AMBIENT TEMPERATURE (°C) 



0.0 1.0 2.0 3.0 4.0 


OUTPUT VOLTAGE (V) 
OUTPUT SINK CURRENT 



0.0 1.0 2.0 3.0 4.0 


OUTPUT VOLTAGE (V) 
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Inputs/Outputs 

Mode 

BEK 

High Z 

Deselect/Power-Down 

BB! 

Data Out 

Read 

BBI 

Data In 

Write 


CE WE OE 

Inputs/Outputs 

Mode 

BBBI 

High Z 

Deselect/Power-Down 

BBB1 

Data Out 

Read 

BBBI 

Data In 

Write 

BBBI 

High Z 

Write 


















































CY7C164 

CY7C166 


S35Rj?ctpress 

-=JS jr SEMICONDUCTOR 

Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 



Ordering Code 

Package 

Type 

Operating 

Range 

15 

CY7C164-15PC 

P9 

Commercial 


CY7C166-15PC 

P13 

Commercial 

CY7C164-15VC 

V13 

CY7C166-15VC 

V13 

CY7C164-15DC 

DIO 

CY7C166-15DC 

D14 

CY7C164-15LC 

L52 

CY7C166-15LC 

L54 

20 

C Y7C 164-20PC 

P9 

Commercial 

20 

CY7C166-20PC 

P13 

Commercial 

CY7C164-20VC 

V13 

CY7C166-20VC 

V13 

CY7C164-20DC 

DIO 

CY7C166-20DC 

D14 

CY7C164-20LC 

L52 

CY7C166-20LC 

L54 

25 

CY7C164-25PC 

P9 

Commercial 

25 

CY7C166-25PC 

P13 

Commercial 

C Y7C 164-25 V C 

V13 

CY7C166-25VC 

V13 

CY7C164-25DC 

DIO 

CY7C166-25DC 

D14 

CY7C164-25LC 

L52 

CY7C166-25LC 

L54 

35 

CY7C164-35PC 

P9 

Commercial 

35 

CY7C166-35PC 

P13 

Commercial 

CY7C164-35VC 

V13 

CY7C166-35VC 

V13 

CY7C164-35DC 

DIO 

CY7C166-35DC 

D14 

CY7C164-35LC 

L52 

CY7C166-35LC 

L54 

45 

CY7C164-45PC 

P9 

Commercial 



CY7C166-45PC 

P13 

Commercial 


CY7C164-45VC 

V13 




CY7C166-45VC 

V13 



CY7C 164-45 DC 

DIO 




CY7C166-45DC 

D14 



CY7C164-45LC 

L52 




CY7C166-45LC 

L54 



Document #: 38-00032-C 
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CY7C164A 

CY7C166A 


CYPRESS 


ST SEMICONDUCTOR 


16,384 x 4 Static R/W RAM 


Features 

• Automatic power-down when 
deselected 

• Output Enable (OE) feature 
(7C166A) 

• CMOS for optimum speed/power 

• High speed 

- 15 ns t*A 

• Low active power 

- 550 mW 

• Low standby power 

- 220 mW 

• TTL-compatible imputs and outputs 

• Capable of withstanding greater than 
2001V electrostatic discharge 


Functional Description 

The CY7C164A and CY7C166A are high- 
performance CMOS static RAMs orga- 
nized as 16,384 by 4 bits. Easy memory ex- 
pansion js_grovided by an active LOW chip 
enable (CE) and three-state drivers. The 
CY7C166A has an active low output enable 
(OE) feature. Both devices have an auto- 
matic power-down feature, reducing the 
power consumption by 60% when dese- 
lected. 

Writing to the device is accomplished when 
t he c hip enable (CE) and write enable 
(WE) inputs are both LOW (and the output 
enable (OE)isLOW for the7C166A). Data 
on the four input/output pins (I/O 0 through 


I/O3) is written into the memory location 
specified on the address pins (Ao through 
A13). 

Reading the device is accomplished by taking 
chip enable (CE) LOW (and OE LOW for 
7C166A), while write enable (WE) remains 
HIGH. Under these conditions the contents 
of the memory location specified on the ad- 
dress pins will appear on the four data I/O 
pins. 

The I/O pins stay in high-impedance state 
when chip enable (CE) is HIGH, or write en- 
able (OE) is HIGH for 7C166A). 

A die coat is used to insure alpha immunity. 


Logic Block Diagram 


Pin Configurations 


dip soj 

Top View Top View 


DIP/SOJ 
Top View 



Selection Guide 



7C164A-15 

7C166A-15 

7C164A-20 

7C166A-20 

7C164A-25 

7C166A-25 

7C164A-35 

7C166A-35 

7C164A-45 

7C166A-45 

Maximum Access Time (ns) 

15 

20 

25 

35 

45 

Maximum Operating 

Current (mA) 

Commercial 

115 

100 

100 

100 

100 

Military 


100 

100 

100 

100 

Maximum Standby 

Current (mA) 

Commercial 

40/20 

40/20 

30 

30 

30 

Military 


40/20 

40/20 

30 

30 
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Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 

Static Discharge Voltage 


> 2001V 


Storage Temperature -65°Cto + 150° °C 

Ambient Temperature with 

Power Applied -55°Cto + 125 °C 

Supply Voltage to Ground Potential - 0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State - 0.5V to + 7.0V 

DC Input Voltage - 3.0V to + 7.0V 

Output Current into Outputs (Low) 20 mA 


(per MIl^STD-883, Method 3015) 

Latch-up Current > 200 mA 

Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70 °C 

5V ± 10% 

Military 111 

- 55 °C to + 125 °C 

5V ± 10% 


Electrical Characteristics Over the Operating Range 121 


Parameters 

Description 

Test Conditions 

7C164A-15 

7C166A-15 

7C164A-20 

7C166A-20 

Units 

Min. 

Max. 

Min. 

Max. 

V OH 

Output HIGH Voltage 

Vcc == Min., Ioh “ — 4.0 mA 

2.4 


2.4 


V 

VOL 

Output LOW Voltage 

Vcc = Min., I OL = 8.0 mA 


0.4 


0.4 

mm 

■HI 

Input HIGH Voltage 


2.2 

Vcc 

2.2 

ns 

mm 

V, L 

Input LOW Voltage 131 


-3.0 

0.8 

-3.0 

0.8 

mm 

Iix 

Input Load Current 

GND <_V, <.V CC 

-10 

+ 10 

-10 

+ 10 

pA 

loz 

Output Leakage 

Current 

GND <_ Vo<_ V cc , 

Output Disabled 

-10 

+ 10 

-10 

+ 10 

pA 

los 

Output Short 

Circuit Current 141 

Vcc = Max., Vqut = GND 


-350 


-350 

mA 

Icc 

V C c Operating Supply 
Current 

V C c = Max. 

Iout = 0 mA 

Com’l 


115 


100 

mA 

Mil 




100 


Automatic CE 151 

Power Down Current 


Com’l 


40 


40 

mA 

Mil 




40 

IsB2 

Automatic CE 151 

Power Down Current 

Max. Vcc, 

CE > V IH - 0.3V 

Vin >. Vcc -0.3V or 

V,N <. 0.3V 

Com’l 


20 


20 

mA 

Mil 




20 


Notes: 

1. Ta is the “instant on” case temperature. 

2. See the last page of this specification for Group A subgroup testing 
information. 

3. Vjl min. = -3.0V for pulse durations less than 30 ns. 

4. Not more than 1 output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 


5. A pull-up resistor to V C c on the CE input is required to keep the de- 
vice deselected during Vcc power-up, otherwise Isb will exceed values 
given. 

6. Tested initially and after any design or process changes that may affect 
these parameters. 
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Electrical Characteristics Over the Operating Range 12 ' (continued) 


Test Conditions 


V C c = Min., Iqh = - 4.0 mA 


Parame- 

ters 

Description 

V OH 

Output HIGH Voltage 

Vql 

Output LOW Voltage 

V 1H 

Input HIGH Voltage 

V IL 

Input LOW Voltage 13 ' 

I.X 

Input Load Current 

loz 

Output Leakage 
Current 

los 

Output Short 

Circuit Current' 4 ' 

Icc 

Vcc Operating Supply 
Current 

IsBl 

Automatic CE' 5 ' 

Power Down Current 

IsB2 

Automatic CE' 5 ' 

Power Down Current 


GND <. V! <. V cc 


GND <.V 0 ^Vcc, 
Output Disabled 


Vcc — Max., Vqut — GND 


V cc = Max. 
Iout = 0 mA 


Max. Vcc, CE >. V IH 
Min. Duty Cycle = 100% 


Max. Vcc, 

CE _> V ih - 0.3V 
V, N >. V cc -0.3V or 
V, N <. 0.3V 


CY7C164A 

CY7C166A 


7C164A-25 

7C166A-25 


Min. Max. 


2.4 


7C164A-35.45 

7C166A-35,45 





Parameters 

Description 

ClN 

Input Capacitance 

Cqut 

Output Capacitance 


Test Conditions 



AC Test Loads and Waveforms 

R1 481.0, 



INCLUDING 
JIG AND 
SCOPE 


INCLUDING | 
JIG AND _ 
SCOPE “ 


ALL INPUT PULSES 

Is 

10% 

U J 


Equivalent to: 


THEVENIN EQUIVALENT 

167X1 

OUTPUT O WV 
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_ CYPRESS 
- SEMICONDUCTOR 


Switching Characteristics Over the Operating Range 12 ' 71 


Parameters 

Description 

7C164A-15 

7C166A-15 

7C164A-20 

7C166A-20 

7C164A-25 

7C166A-25 

7C164A-35 

7C166A-35 

7C164A-45 

7C166A-45 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

!rc 

Read Cycle Time 

20 


20 


25 


35 


45 


ns 

!aa 

Address to Data Valid 


20 


20 


25 


35 


45 

ns 

toHA 

Output Hold from Address 
Change 

3 


3 


3 


3 


3 


ns 

tACE 



20 


20 


25 


35 


45 

ns 

Idoe 

OE LOW to Data 
Valid 

7C166A 


10 


10 


12 


15 


20 

ns 

tLZOE 


7C166A 

3 


3 


3 


3 


3 


ns 

tLZOE 


7C166A 


8 


8 


10 


12 


15 

ns 

tLZCE 

CE LOW to Low Z 181 

5 


5 


5 


5 


5 


ns 

Ihzce 

CE HIGH to High Z 18 - 91 


8 


8 


10 


15 


15 

ns 

tpu 


0 


0 


0 


0 


0 


ns 

tpD 



20 


20 


20 


20 


25 

ns 

WRITE CYCLE 1101 

twc 

Write Cycle Time 

20 


20 


20 


25 


40 


ns 

tsCE 

CE LOW to Write End 

15 


15 


20 


25 


30 


ns 

tAW 

Address Set-Up to Write End 

15 


15 


20 


25 


30 


ns 

tHA 

Address Hold from Write End 

0 


0 


0 


0 


0 


ns 

tsA 

Address Set-Up to Write Start 

0 


0 


0 


0 


0 


ns 

tpWE 

WE Pulse Width 

15 


15 


15 


20 


20 


ns 

tsD 

Data Set-Up to Write End 

10 


10 


10 


15 


15 


ns 

tHD 

Data Hold from Write End 

0 


0 


0 


0 


0 


ns 

Ilzwe 

WE HIGH to Low Z 181 

5 


5 


5 


5 


5 


ns 

tHZWE 



7 


7 


7 


10 


15 

ns 


Notes: 

7. Test conditions assume signal transition time of 5 ns or less, timing ref- 
erence levels of 1.5V, input pulse levels of 0 to 3.0V, and output load- 
ing of the specified Ioi/Ioh ancl 30-pF load capacitance. 

8. At any given temperature and voltage condition, t H zcE is less than 
ti zcE for any given device. These parameters are guaranteed and not 
100% tested. 

9. tnzcE and tHZWE are specified with Cl = 5 pF as in part (b) in AC 

Test Loads. Transition is measured ± 500 mV from steady state volt- 
age. 

10. The inter nal w rite time of the memory is defined by the overlap of CE 
LOW and WE LOW. Both signals must be LOW to initiate a write and 


either signal can terminate a write by going HIGH. The data input set- 
up and hold timing should be referenced to the rising edge of the signal 
that terminates the write. 

11. WE is HIGH for read cycle. 

12. Device is continuously selected, CE = Vi L . (7C166: OE = ViLalso). 

13. Address valid prior to or coincident with CE transition low. 

14. 7C166 only: Data I/O will be high impedance if OE = Vih. 

15. If CE goes HIGH simultaneously with WE HIGH, the output remains 
in a high-impedance state. 
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_ CYPRESS 
W SEMKXMXJCTOR 


CY7C164A 

CY7C166A 


Switching Waveforms (continued) 



NORMALIZED SUPPLY CURRENT 


NORMALIZED SUPPLY CURRENT 




4.0 4.5 5.0 5.5 6.0 

SUPPLY VOLTAGE (V) 

NORMALIZED ACCESS TIME 


-55 25 125 

AMBIENT TEMPERATURE (°C) 

NORMALIZED ACCESS TIME 



0.0 1.0 2.0 3.0 4.0 

OUTPUT VOLTAGE (V) 

OUTPUT SINK CURRENT 





4.0 4.5 5.0 5.5 6.0 

SUPPLY VOLTAGE (V) 


-55 25 125 

AMBIENT TEMPERATURE (°C) 


0.0 


1.0 2.0 3.0 

OUTPUT VOLTAGE (V) 


4.0 
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Topical DC and AC Characteristics (continued) 


TYPICAL POWER-ON CURRENT TYPICAL ACCESS TIME CHANGE 



SUPPLY VOLTAGE (V) CAPACITANCE (pF) 


NORMALIZED I cc vs. CYCLE TIME 



10 20 30 40 


CYCLE FREQUENCY (MHz) 


7C164A TVuth Table 


CE 

WE 

Inputs/Outputs 

Mode 

H 

X 

High Z 

Deselect/Power-Down 

L 

H 

Data Out 

Read 

L 

L 

Data In 

Write 


7C166A Truth Table 


CE 

WE 

OK 

Inputs/Outputs 

Mode 

H 

X 

X 

High Z 

Deselect/Power-Down 

L 

H 

L 

Data Out 

Read 

L 

L 

X 

Data In 

Write 

L 

H 

H 

High Z 

Deselect 
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CYPRESS 

F SEMICONDUCTOR 


Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

15 

CY7C166A-15PC 

P13 

Commercial 


CY7C166A-15VC 

V13 



CY7C166A-15DC 

DIO 



CY7C166A-15LC 

L52 


20 

CY7C166A-20PC 

P13 

Commercial 


CY7C166A-20VC 

V13 



CY7C166A-20DC 

D14 



CY7C166A-20LC 

L54 



CY7C166A-20DMB 

D14 

Military 


CY7C166A-20LMB 

L54 



CY7C166A-20KMB 

K73 


25 

CY7C166A-25PC 

P13 

Commercial 


CY7C166A-25VC 

V13 



CY7C166A-25DC 

D14 



CY7C166A-25LC 

L54 



CY7C166A-25DMB 

D14 

Military 


CY7C166A-25LMB 

L54 



CY7C166A-25KMB 

K73 


35 

CY7C166A-35PC 

P13 

Commercial 


CY7C166A-35VC 

V13 



CY7C166A-35DC 

D14 



C Y7C 166A-35LC 

L54 



C Y7C 166A-35DMB 

D14 

Military 


CY7C166A-35LMB 

L54 



CY7C166A-35KMB 

K73 


45 

CY7C166A-45PC 

P13 

Commercial 


C Y7C 166 A-45 V C 

V13 



CY7C166A-45DC 

D14 



C Y7C 166A-45LC 

L54 



CY7C 166A-45DMB 

D14 

Military 


CY7C166A-45LMB 

L54 



CY7C166A-45KMB 

K73 
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Address Designators 

Address 

Name 


Address 

Function 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 


Switching Characteristics 


ameters 

Subgroups 

V OH 

1,2,3 

VoL 

1,2,3 

V IH 

1,2,3 

Vil Max. 

1, 2,3 

Ik 

1,2,3 

loz 

1,2,3 

los 

1,2,3 

Icc 

1,2,3 

IsBl 

1, 2,3 

IsBl 

1,2,3 


Parameters J 

Subgroups 

READ CYCLE 

Irc 

7, 8, 9, 10, 11 

Iaa 

7, 8, 9, 10, 11 

toHA 

7, 8, 9, 10, 11 

tACE 

7, 8, 9, 10, 11 

tDOE^ 16 ' 

7, 8, 9, 10, 11 

WRITE CYCLE 

twc 

7, 8, 9, 10, 11 

tsCE 

7, 8, 9, 10, 11 

tAW 

7, 8, 9, 10, 11 

tHA 

7, 8, 9, 10, 11 

tsA 

7, 8, 9, 10, 11 

tpWE 

7, 8, 9, 10, 11 

tsD 

7, 8, 9, 10, 11 

tHD 

7, 8, 9, 10, 11 


CY7C164A 

CY7C166A 


Pin 

Number 



Document #: 38-00113 


Note: 

16. 7C166A only. 
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Features 

• Automatic power-down when dese- 
lected 

• CMOS for optimum speed/power 

• High speed 

- 25 ns 

• Low active power 

- 275 mW 

• Low standby power 

- 83 mW 

• TTL-compatible inputs and outputs 

• Capable of withstanding greater than 
2001V electrostatic discharge 


Functional Description 

The CY7C167 is a high-performance 
CMOS static RAM organized as 16,384 
words by 1 bit. Easy memory expansion is 
prov ided by an active LOW chip enable 
(CE) and three-state drivers. The 
CY7C167 has an automatic power-down 
feature, reducing the power consumption 
by 67% when deselected. 

Writing to the device is accomplished when 
the c hip enable (CE) and write enable 
(WE) inputs are both LOW. Data on the 
input pin (DI) is written into the memory 
location specified on the address pins (A<) 
through Ai 3 ). 


Reading the device is accomplished by tak- 
ing the chip enable (CE) LOW while write 
enable (WE) remains HIGH. Under these 
conditions, the contents of the memory lo- 
cation specified on the address pins will 
appear on the data output (DO) pin. 

The output pin stays in high-impedance 
state when c hip e nable (CE) is HIGH or 
write enable (WE) is LOW. 

The 7C167 utilizes a die coat to insure al- 
pha immunity. 



Logic Block Diagram 


Pin Configurations 



Selection Guide 



Maximum Access Time (ns) 

Maximum Operating 

Current (mA) 

Commercial 

Military 


7C167-25 

7C167-35 

7C167-45 

25 

35 

45 

60 

60 

50 


60 

50 





























Maximum Rating 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature - 65 °C to + 150°C 

Ambient Temperature with 

Power Applied - 55 °C to + 125 °C 

Supply Voltage to Ground Potential 

(Pin 26 to Pin 10) - 0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State - 0.5V to + 7.0V 

DC Input Voltage - 3.0V to + 7.0V 

Output Current into Outputs (Low) 20 mA 

Electrical Characteristics Over the Operating Range 121 


Static Discharge Voltage 

(per MIL-STD-883, Method 3015) 
Latch-Up Current 


. > 2001V 
>200 mA 


Operating Range 

Range 

Commercial 

Military 111 


Ambient 

Temperature 

0°C to + 70 °C 

55 °C to + 125 °C 


Vcc 

5V ± 10% 
5V ± 10% 



7C167-20 7C167-35 7C167-45 



Iql — 12.0 mA 

Com’] 

I OL = 8.0 mA 

Mil 


Description Test Conditions 


Output HIGH Voltage V C c = Min., Iqh = - 4.0 mA 


Output LOW Voltage 


Input HIGH Voltage 


Input LOW Voltage 


Input Load Current 


Output Leakage 
Current 


Output Short 
Circuit Current 141 


V C c Operating 
Supply Current 


Automatic CE 131 Max . V cc , 

Power Down Current CE > V™ 



V cc = Max. 
Iqut — 0 mA 


Max. 

Min. 

Max. 

Min. 

Max. 

Units 


2.4 


2.4 


■a 

0.4 


0.4 


0.4 


0.4 


0.4 


0.4 


Vcc 

2.0 

Vcc 

2.0 


■a 

0.8 

-3.0 

0.8 


0.8 

V 

+ 10 

-10 

+ 10 

-10 

+ 10 

fiA 

1 

+ 50 

-50 

+ 50 

-50 

+ 50 

PA 

-350 


-350 


-350 

mA 

60 


60 


50 

mA 





50 


20 


20 


15 

mA 





20 



Capacitance 151 


Parameters 



Description 


Input Capacitance 


Output Capacitance 


Chip Enable Capacitance 



Notes: 

1. Ta is the “instant on” case temperature. 4. Duration of the short circuit should not exceed 30 seconds. 

2. See the last page of this specification for Group A subgroup testing 5. Tested initially and after any design or process changes that may affect 

information. these parameters. 

3. A pull-up resistor to V C c on the CE input is requited to keep the de- 
vice deselected during Vcc power-up, otherwise I SB will exceed values 
given. 
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CY7C167 


„ 'JS CYPRESS 
=r SEMICONDUCTOR 


AC Test Loads and Waveforms 

R1 3290, 

(4800, MIL) 


R1 3290, 
(480O.MIL) 


5 V o 




30 pF ■ 

» 

INCLUDING 



JIG AND •— 
SCOPE 

(a) 


2020, 
(2550, MIL) 


5 pF 

INCLUDING 
JIG AND 
SCOPE 

(b) 


Equivalent to: THEVENIN EQUIVALENT 

1670. 

OUTPUT O <WV -O 1.73V 

Military 


R2 

2020 
(2550 MIL) 


ALL INPUT PULSES 


i 

’ 90% 

|r 90% 

10% , 

€ 



. 10% 






,5.5 ns — ► 


■*- -► 


•-5.5 ns 


C167-5 


1250 

OUTPUT O < V W D 1.90V 

Commercial 


Switching Characteristics Over the Operating Range i 2 ' 6 1 


Parameters 

Description 

7C167-25 

7C167-35 

7C167-45 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

Irc 

Read Cycle Time 

Com’l 

25 


30 


40 


ns 

Mil 

25 


35 


40 


ns 

tAA 

Address to Data Valid 

Com’l 


25 


30 


40 

ns 

Mil 




35 


40 

ns 

k)HA 

Output Hold from Address Change 

3 


3 


3 


ns 

tACE 

CE LOW to Data Valid 


25 


35 


45 

ns 

Ilzce 

CE LOW to Low Z' 7 ! 

5 


5 


5 


ns 

tHZCE 

CE HIGH to High Z' 7 - 8 ! 


15 


20 


25 

ns 

tpu 

CE LOW to Power Up 

0 


0 


0 


ns 

tpD 

CE HIGH to Power Down 


20 


25 


30 

ns 

WRITE CYCLE' 9 ! 

twc 

Write Cycle Time 

25 


30 


40 


ns 

tsCE 

CE LOW to Write End 

25 


30 


40 


ns 

tAW 

Address Set-Up to Write End 

25 


30 


40 


ns 

triA 

Address Hold from Write End 

0 


0 


0 


ns 

tsA 

Address Set-Up to Write Start 

0 


0 


0 


ns 

tpWE 

WE Pulse Width 

15 


20 


20 


ns 

tsD 

Data Set-Up to Write End 

15 


15 


15 


ns 

tHD 

Data Hold from Write End 

0 


0 


0 


ns 

'hzwe 

WE LOW to High Z' 7 ’ 8 ! 


15 


20 


20 

ns 

'lzwe 

WE HIGH to Low Z ' 7 ! 

0 


0 


0 


ns 


Notes: 

6. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5V, input pulse levels of 0 to 3.0V and output 
loading of the specified Ioi^oh and 30-pF load capacitance. 

7. At any given temperature and voltage condition, t H zcE is less than 
•lzce f° r any given device. 

8. tnzcE and t H zwE are specified with Cl = 5 pF as in part (b) of AC 

Test Loads. Transition is measured ± 500 mV from steady state 
voltage. 

9. The inter nal w rite time of the memory is defined by the overlap of CE 
LOW and WE LOW. Both signals must be LOW to initiate a write and 


either signal can terminate a write by going HIGH. The data input set- 
up and hold timing should be referenced to the rising edge of the signal 
that terminates the write. 

10. WE is HIGH for read cycle. 

11. Device is continuously selected, CE = Vil- 

12. Address valid prior to or coincident with CE transition LOW. 

13. If CE goes HIGH simultaneously with WE HIGH, the output remains 
in a high-impedance state. 
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Switching Waveforms 

Read Cycle No. I 110, 111 



Cl 67-8 









CY7C167 


£ CYPRESS 

SEMKXMXJCTC* 


Switching Waveforms (continued) 
Write Cycle No. 2 (CE Controlled)' 9 ’ 131 



DATA UNDEFINED 


HIGH IMPEDANCE 


Topical DC and AC Characteristics 

NORMALIZED SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 


NORMALIZED SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 



SUPPLY VOLTAGE (V) 

NORMALIZED ACCESS TIME 
vs. SUPPLY VOLTAGE 


AMBIENT TEMPERATURE (°C) 


NORMALIZED ACCESS TIME 
vs. AMBIENT TEMPERATURE 



4.5 5.0 5.5 

SUPPLY VOLTAGE (V) 


V CC = 5.0 V 


25 125 

AMBIENT TEMPERATURE (°C) 


OUTPUT SOURCE CURRENT 
vs. OUTPUT VOLTAGE 



0.0 1.0 2.0 3.0 4.0 4.0 

OUTPUT VOLTAGE (V) 
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Typical DC and AC Characteristics (continued) 


TYPICAL POWER-ON CURRENT TYPICAL ACCESS TIME CHANGE 

vs. SUPPLY VOLTAGE vs. OUTPUT LOADING 



NORMALIZED I cc vs. CYCLE TIME 



10 20 30 40 


CYCLE FREQUENCY (MHz) 


Ordering Information 


Speed 

(ns) 

Icc 

(niA) 

Ordering Code 

Package 

Type 

Operating 

Range 

25 

60 

CY7C167-25PC 

P5 

Commercial 

CY7C167-25DC 

D16 

CY7C167-25LC 

L51 

CY7C167-25VC 

V5 

35 

60 

CY7C167-35PC 

P5 

Commercial 

CY7C167-35DC 

D6 

CY7C167-35LC 

L51 

CY7C167-35VC 

V5 

45 

50 

CY7C167-45PC 

P5 

Commercial 

CY7C167-45DC 

D6 

CY7C167-45LC 

L51 

CY7C 167-45 VC 

V5 

CY7C167-45DMB 

D6 

Military 

CY7C167-45LMB 

L51 
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S? SEMKXJNDUCTOR 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 
DC Characteristics 


Parameters 

Subgroups 

V OH 

1,2,3 

V OL 

1, 2, 3 

V , H 

1, 2,3 

V IL Max. 

1, 2,3 

Ilx 

1,2,3 

loz 

1, 2,3 

Icc 

1, 2,3 

Isn 

1, 2,3 



Switching Characteristics 


Parameters 

Subgroups 

READ CYCLE 

Irc 

7, 8, 9, 10, 11 

Iaa 

7, 8, 9, 10, 11 

toHA 

7, 8, 9, 10, 11 

Iace 

7, 8, 9, 10, 11 

WRITE CYCLE 

twc 

7, 8, 9, 10, 11 

tsCE 

7, 8, 9, 10, 11 

tAW 

7, 8, 9, 10, 11 

tHA 

7, 8, 9, 10, 11 

tsA 

7, 8, 9, 10, 11 

tpWE 

7, 8, 9, 10, 11 

tsD 

7, 8, 9, 10, 11 

*HD 

7, 8, 9, 10, 11 


Document #: 38-00033-D 
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CY7C167A 


CYPRESS 
SEMICONDUCTOR 


16,384 x 1 Static RAM 


Features 

• Automatic power-down when dese- 
lected 

• CMOS for optimum speed/power 

• High speed 
— 15 ns 

• Low active power 

- 275 mW 

• Low standby power 

— 83 mW 

• TTL-compatible inputs and outputs 

• Capable of withstanding greater than 
2001V electrostatic discharge 

• V,H of 2.2V 


Functional Description 

The CY7C167A is a high-performance 
CMOS static RAM organized as 16,384 
words by 1 bit. Easy memory expansion is 
prov ided by an active LOW chip enable 
(CE) and three-state drivers. The 
CY7C167A has an automatic power-down 
feature, reducing the power consumption 
by 67% when deselected . 

Writing to the device is accomplished when 
the chip select (CE) and write enable (WE) 
inputs are both LOW. Data on the input 
pin (DI) is written into the memory loca- 
tion specified on the address pins (Ao 
through Ai 3 ). 


Reading the device is accomplished by 
takin g the chip enable (CE) LOW, while 
(WE) remains HIGH. Under these con- 
dintions, the contents of the location spe- 
cified on the address pins will appear on 
the data output (DO) pin. 

The output pin remains in a high-impe- 
dance state w hen c hip enable is HIGH, or 
write enable (WE) is LOW. 

A die coat is used to insure alpha immunity. 


Logic Block Diagram 


Pin Configurations 


s ® oi o r- n n 

< < < < * * z 



DI 


DO 


Ue 


WE 


DIP 

Top View 



Vcc 
A, 3 
Al2 
An 

A,0 

Ao 

Ae 

A, 

DI 

CE 



Selection Guide 


1 1 

7C167A-15 

7C167A-20 

7C167A-25 

7C167A-35 

7C167A-45 

Maximum Access Time (ns) 

i 

15 

20 

25 

35 

45 

Maximum Operating 
Current (mA) 

Commercial 

90 

80 

60 

60 

50 

Military 


80 

70 

60 

50 
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CY7C167A 


Maximum Rating 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature - 65 °C to + 150°C 

Ambient Temperature with 

Power Applied - 55 °C to + 125 °C 

Supply Voltage to Ground Potential 

(Pin 20 to Pin 10) - 0.5V to +7.0V 

DC Voltage Applied to Outputs 

in High Z State - 0.5V to +7.0V 

DC Input Voltage - 3.0V to + 7.0V 

Output Current into Outputs (LOW) 20 mA 


Static Discharge Voltage >200 IV 

(per MIDSTD-883, Method 3015) 

Latch-Up Current > 200 m A 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70 °C 

5V ± 10% 

Military 11 ' 

- 55 °C to + 125 °C 

5V ± 10% 


Electrical Characteristics Over the Operating Ranged 


Parameters 

Description 

Test Conditions 

7C167A-15 

7C167A-20 

7C167A-25 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

V OH 

Output High Voltage 

V C c = Min., I OH = -4.0 mA 

2..4 




Hi 


KM 

; : : . 

Output Low Voltage 

V C c = Min., Iol = 12.0 mA, 
8.0 mA Mil 


0.4 


0.4 


0.4 

D 

V IH 

Input High Voltage 


2.2 

Vcc 

2.2 

El 

2.2 

Vcc 

mm 

V, L 

Input Low Voltage' 3 ' 


-0.5 

0.8 

-0.5 

0.8 

-0.5 

mm 

V 

Iix 

Input Load Current 

GND <_V, <_ V cc 

-10 

+ 10 

-10 

+ 10 

-10 

+ 10 

P-A 

loz 

Output Leakage 

Current 

GND^V 0 _< V cc 

Output Disabled 

-10 

+ 10 

-10 

+ 10 

-10 

+ 10 

IlA 

los 

Output Short 

Circuit Current' 4 ' 

Vcc = Max., Vqut = GND 


-350 


-350 


-350 

mA 

Icc 

Vcc Operating 

Supply Current 

V C c - Max., 

Iout — 0 mA 

Com’l 


90 


80 


60 

mA 

Mil 




80 


70 

IsB 

Automatic CE 
Power-Down Current' 5 ' 

Max. Vcc, 
CE^V 1H 

Com’l 


40 


40 


20 

mA 

Mil 




40 


20 


Parameters 

Description 

Test Conditions 

7C167A-35 

7C167A-45 

Units 

Min. 

Max. 

Min. 

Max. 

V OH 

Output High Voltage 


2.. 4 


2..4 


wm 


Output Low Voltage 

Vcc — Min., Iql — 12.0 mA, 
8.0 mA Mil 


0.4 



D 

V,H 

Input High Voltage 


2.2 

mEssn 

2.2 

■ 

■ 

V 1L 

Input Low Voltage' 3 ' 


-0.5 

0.8 

-0.5 

0.8 

KB 

Iix 

Input Load Current 

GND <_V, <.V CC 

-10 

+ 10 

-10 

+ 10 

pA 

loz 

Output Leakage 

Current 

GND <.Vo<L V cc 

Output Disabled 

-10 

+ 10 

-10 

+ 10 

pA 

los 

Output Short 

Circuit Current' 4 ' 

Vcc — Max., Vqut = GND 


-350 


-350 

mA 

Icc 

V C c Operating 

Supply Current 

Vcc = Max., 

Iout = 0 mA 

Com’l 


60 


50 

mA 

Mil 


60 


50 

IsB 

Automatic CE 
Power-Down Current' 5 ' 

Max. Vcc, 

CE >. V 1H 

Com’l 


20 


15 

mA 

Mil 


20 


20 


Notes: 

1. Ta is the ’’instant on” case temperature. 2. See the last page of this specification for Group A subgroup testing 

information. 
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WM CYPRESS 

SEMKXDNDUCICR 


Capacitance 16 ) 


Parameters 

Description 

Qn 

Input Capacitance 

Cout 

Output Capacitance 

Cce 

Chip Enable Capacitance 


Test Conditions 


T a = 25 °C, f = 1 MHz, 
V cc = 5.0V 


AC Test Loads and Waveforms 

R1 329X1 
(48 IT! MIL) 

5V O -'VW-l 


R1329n. 

(48 in MIL) 


CY7C167A 


INCLUDING I 
JIG AND ■=• 
SCOPE “ 


R2 

202 n 
( 25 sn MIL) 


INCLUDING I 
JIG AND — 
SCOPE “ 


R2 

202X1 

(255n MIL) 



ALL INPUT PULSES 



Equivalent to: THEVENIN EQUIVALENT 

125X1 

OUTPUT O' - W% O 1 9V 

Commercial 

Switching Characteristics Over the Operating Range 12 - 75 


| 7C167A-15 

Parameters Description 


READ CYCLE 


7C167A-20 7C167A-25 7C167A-35 7C167A-40 


ESS3I CZESI 12229 ESS9 dOSUCSS ESS EHZS3 EH29 ^H29 1 


tRC 

Read Cycle Time 

Com’l 

15 


20 


25 


30 


40 


ns 



Mil 



20 


25 


35 


40 


ns 

Iaa 

Address to Data Valid 

Com’l 


15 


20 


25 


30 


40 

ns 



Mil 




20 


25 


35 


40 

ns 

toHA 

Data Hold from 

Address Change 

5 


5 


5 


5 


5 


ns 

tACE 

■ ill 1 II I \w^m 


15 


20 


25 


35 


45 

ns 

Ilzce 


5 


5 


5 


5 


5 


ns 

Ihzce 



8 


8 


10 


15 

HH 

15 

ns 

tpu 

mtAimsksmmam 

0 


0 


0 


0 


mm 


ns 

tpD 

l**iAM±l3L HH 


15 


20 


20 


20 


25 

ns 


WRITE CYCLE 110 ' 


Write Cycle Time 


Address Set-Up to Write End 


Address Hold from Write End 


Address Set-Up to Write Start 


Data Set-Up to Write End 


Data Hold from Write End 


H2s£Z3i 


Notes: 

3. Vil min. = -3.0V for pulse durations less than 30 ns. 

4. Duration of the short circuit should not exceed 30 seconds. 



15 


20 


20 


25 


40 

12 


15 


20 


25 


30 

12 


15 


20 


25 


30 

0 


0 


0 


0 


D 

a 


0 


0 


0 


0 

12 


15 


15 


20 


20 

10 


10 


10 


15 


15 

0 


0 


0 


0 


o 


mm 


mm 


a 


10 


5 

1 ! 

5 

1 1 

5 

i i 

5 


L_L 



5. A pull-up resistor to Vcc on the CE input is required to keep the de- 
vice deselected during VCC power-up, otherwise Isb will exceed val- 
ues given. 
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CYPRESS 

SEMICONDUCTOR 


CY7C167A 


Switching Waveforms 



Write Cycle No. 1 (WE Controlled)' 10 ! 



C167A-8 

Notes: 

6 . Tested initially and after any design or process changes that may affect and either signal can terminate a write by going HIGH. The data input 

these parameters. set-up and hold timing should be referenced to the rising edge of the 

7. Test conditions assume signal transition times of 5 ns or less, timing signa l that terminates the write, 

reference levels of 1.5V, input pulse levels of 0 to 3.0V, and output 11. WE is high for read cycle. 

loading of the specified Ioi/Ioh and 30-pF load capacitance. 12 . Device is continuously selected, CE = V IL . 

8 . At any given temperature and voltage condition, t HZ is less than t LZ 13 . Address valid prior to or coincident with CE transition LOW. 

for any given device. 14. If CE goes HIGH simultaneously with WE HIGH, the output remains 

9. t HZ cE and t HZ wE are tested with C L = 5 pF as in part (b) of AC Test in a high-impedance state. 

Loads. Transition is measured ± 500 mV from steady state voltage. 

10. The intern al wr ite time of the memory is defined by the overlap of CE 
LOW and WE LOW. Both signal must be LOW to initiate a write 
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CYPRESS 

SEMICONDUCTOR 


CY7C167A 


Switching Waveforms (continued) 



Typical DC and AC Characteristics 



NORMALIZED SUPPLY CURRENT 



-55 25 125 



SUPPLY VOLTAGE (V) 


AMBIENT TEMPERATURE (°C) 


OUTPUT VOLTAGE (V) 


NORMALIZED ACCESS TIME 



4.0 4.5 5.0 5.5 6.0 

SUPPLY VOLTAGE (V) 


NORMALIZED ACCESS TIME 



-55 25 125 


AMBIENT TEMPERATURE (°C) 


OUTPUT SINK CURRENT 



0.0 1.0 2.0 3.0 4.0 5.0 


OUTPUT VOLTAGE (V) 
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CYPRESS 

SEMICONDUCTOR 


CY7C167A 


Typical DC and AC Characteristics (continued) 


2 


o 

z 


TYPICAL POWER-ON CURRENT 



0.0 1.0 2.0 3.0 4.0 5.0 

SUPPLY VOLTAGE (V) 


TYPICAL ACCESS TIME CHANGE 
vs. OUTPUT LOADING 




Ordering Information 


Speed 

(ns) 

Icc 

(mA) 

Ordering Code 

Pack- 

age 

Type 

Operating 

Range 

15 

80 

CY7C167A-15PC 

P5 

Commercial 



CY7C167A-15DC 

D6 




CY7C167A-15VC 

V5 


20 

80 

CY7C167A-20PC 

P5 

Commercial 



CY7C167A-20DC 

D6 




CY7C167A-20LC 

L51 




CY7C167A-20VC 

V5 




CY7C167A-20DMB 

D6 

Military 



CY7C167A-20LMB 

L51 




C Y7C 167A-20KMB 

K71 


25 

60 

CY7C167A-25PC 

P5 

Commercial 



CY7C167A-25DC 

D6 




CY7C167A-25LC 

L51 




CY7C167A-25VC 

V5 




CY7C167A-25DMB 

D6 

Military 



CY7C167A-25LMB 

L51 




CY7C167A-25KMB 

K71 



Speed 

(ns) 

Icc 

(mA) 

Ordering Code 

Package 

Type 

Operating 

Range 

35 

60 

C Y7C 167A-35PC 

P5 

Commercial 



CY7C167A-35DC 

D6 




CY7C167A-35LC 

L51 




CY7C167A-35VC 

V5 




C Y7C 167A-35DMB 

D6 

Military 



C Y7C 167A-35LMB 

L51 




CY7C167A-35KMB 

K71 


45 

50 

C Y7C 167A-45PC 

P5 

Commercial 



CY7C167A-45DC 

D6 




C Y7C 167A-45LC 

L51 




CY7C167A-45VC 

V5 




C Y7C 167A-45DMB 

D6 

Military 



CY7C167A-45LMB 

L51 




C Y7C 167A-45KMB 

K71 
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CYPRESS 

SEMKXNDUCTOR 


CY7C167A 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 


Parameters 

Subgroups 

V OH 

1,2,3 

VoL 

1,2,3 

V, H 

1,2,3 

V| L Max. 

1,2,3 

Ik 

1,2,3 

loz 

1,2,3 

Icc 

1,2,3 

IsB 

1,2,3 


Switching Characteristics 


Parameters 

Subgroups 

READ CYCLE 

tRC 

7,8,9,10,11 

ty\A 

7,8,9,10,11 

toHA 

7,8,9,10,11 

tACE 

7,8,9,10,11 

WRITE CYCLE 

twc 

7,8,9,10,11 

tsCE 

7,8,9,10,11 

tAW 

7,8,9,10,11 

tHA 

7,8,9,10,11 

tsA 

7,8,9,10,11 

tpWE 

7,8,9,10,11 

tsD 

7,8,9,10,11 

tHD 

7,8,9,10,11 


Document#: 38-00093-B 






CY7C168 

CY7C169 


pyppucc 
SEMICONDUCTOR 


4096 x 4 Static RAM 


Features 

• Automatic power-down when dese- 
lected (7C168) 

• CMOS for optimum speed/power 

• High speed 

— 25 ns t^A 

— 15 ns txcE (7069) 

• Low active power 

— 385 mW 

• Low standby power (7C168) 

— 83 mW 

• TTL-compatible inputs and outputs 

• Capable of withstanding greater than 
2001V electrostatic discharge 


Functional Description 

The CY7C168 and CY7C169 are high-per- 
formance CMOS static RAMs organized 
as 4096 by 4 bits. Easy memory expansion 
isprovided by an active LOW chip enable 
(CE) and three-state drivers. The 
CY7C168 has an automatic power-down 
feature, reducing the power consumption 
by 77% when deselected . 

Writing to the device is accomplished when 
the chip select (CE) and write enable (WE) 
inputs are both LOW. Data on the four 
data input/output pins (I/O 0 through I/O3) 
is written into the memory location speci- 
fied on the address pins (Ao through A u )- 


Reading the device is accomplished by 
takin g the chip enable (CE) LOW while 
(WE) remains HIGH. Under these con- 
dintions, the contents of the location spe- 
cified on the address pins will appear on 
the four data input/output pins (I/O 0 
through I/O 3 ). 

The input/output pins remain in a high- 
impedance state when chi p enable is 
HIGH, or write enable (WE) is LOW. 

A die coat is used to insure alpha immunity. 


Logic Block Diagram 


Ao 

Ai 

A z 

a 3 

a 4 

a 5 

Ae 



l/0 Q 

I/O, 

l/ 0 2 

l/ 0 3 

CE 

We 


A 7 Aq AgA,oA,i 


Cl 68-1 


Pin Configurations 


D1P/SOJ 
Top View 



□ WE 


< <> < 

(3 18 e a 2 

17 i A, 
>5 7C164 16 C Ao 
A» > 6 7C166 15 C l/O 0 
A 10 5 7 14 C I/O, 

I 3 < l/°2 

910 1112, 


iuj Oiui « 

lo z 1$ § 


Selection Guide 



7C168-25 

7C 169-25 

7C168-35 

7C169-35 

7C169-40 

7C 168-45 

Maximum Access Time (ns) 

25 

35 

40 

45 

Maximum Operating 

Current (mA) 

Commercial 

90 

90 

70 

70 

Military 


90 

70 

70 
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CYPRESS 

SEMICONDUCTOR 


CY7C168 

CY7C169 


Maximum Rating 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Static Discharge Voltage > 2001V 

(per MILrSTD-883, Method 3015) 

Latch-Up Current > 200 mA 


Parameters 

Description 

Test Conditions 

7C168-25 

7C169-25 

7C168-35 

7C169-35 

7C168-45 

7C169-40 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

VoH 

Output High Voltage 

Vcc = Min., Iqh = ”4.0 mA 

2.4 


2.4 


2.4 


mm 

VoL 

Output Low Voltage 

Vcc ~ Min., Iol ~ 8.0 mA 


0.4 


0.4 


0.4 

mm 

V, H 

Input High Voltage 


2.0 

Vcc 

2.0 

Vcc 

2.0 

B29 

D 

V IL 

Input Low Voltage 


-3.0 

0.8 

-3.0 

0.8 

EZ9 

0.8 

mm 

Iix 

Input Load Current 

GND <_ V, <.V CC 

-10 

10 

-10 

10 

-10 

10 

pA 

loz 

Output Leakage 
Current 

GND <_V 0 <.V CC 

Output Disabled 

-50 

50 

-50 

50 

-50 

50 

pA 

los 

Output Short 

Circuit Current 131 

Vcc = Max., Vqut = GND 


-350 


-350 


-350 

mA 

Ice 

V C c Operating 

Supply Current 

Vcc - Max., 

Iout = 0 mA 

Com’l 


90 


70 


70 

mA 

Mil 




90 


70 

IsBl 

Automatic CS 
Power-Down Current 

Max. Vcc. 

CE_> V IH 

Com’l 


20 


20 


15 

mA 

Mil 




20 


20 

IsB2 

Automatic CE 
Power-Down Current 

Max. Vcc, 

CE>_ V cc -.0.3 V 

Com’l 


11 


11 


11 

mA 

Mil 




20 


20 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70 °C 

5V ± 10% 

Military 111 

- 55 °C to + 125 °C 

5V ± 10% 


Storage Temperature - 65 °C to + 150 °C 

Ambient Temperature with 

Power Applied - 55 °C to + 125 °C 

Supply Voltage to Ground Potential 

(Pin 28 to Pin 14) - 0.5V to +7.0V 

DC Voltage Applied to Outputs 

in High Z State - 0.5V to + 7.0V 

DC Input Voltage - 3.0V to + 7.0V 

Output Current into Outputs (Low) 20 mA 


Electrical Characteristics Over the Operating Ranged 


Capacitance 141 


Parameters 

Description 

Test Conditions ! 

Max. 

Units 

Qn 

Input Capacitance 


4 

pF 

CqUT 

Output Capacitance 

7 

PF 


Notes: 

1. T a is the ’’instant on” case temperature. 

2. See the last page of this specification for Group A subgroup testing 
information. 

3. Not more than 1 output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 

4. Tested initially and after any design or process changes that may af- 
fect these parameters. 

5. Tfest conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5V, input pulse levels of 0 to 3.0V, and output 
loading of the specified Iol/Ioh and 30-pF load capacitance. 

6. At any given temperature and voltage condition, t H z is less than tLz 
for any given device. 


7. tnzcE ancl Ihzwe are tested with Cl = 5 pF as in part (b) of AC Tfest 
Loads. Transition is measured ± 500 mV from steady state voltage. 

8. The inter nal w rite time of the memory is defined by the overlap of CE 
LOW and WE LOW. Both signals must be LOW to initiate a write and 
either signal can terminate a write by going HIGH. The data input set- 
up and hold timing should be referenced to the rising edge of the signal 
that terminates Ihe write. 

9. WE is high for read cycle. 

10. Device is continuously selected, CE = V [L . 

11. Address valid prior to or coincident with CE transition low. 

12. IfCEgoesHIGHsimultaneouslywithWEHIGH, theoutput remains 
in a high-impedance state. 
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CY7C168 

CY7C169 


, CYPRESS 
S? SEMKXDNDUCIOR 


AC Test Loads and Waveforms 

R1 481.0. 

5 V ® VI 


OUTPUT®” 


30 pF -p 


INCLUDING 
JIG AND* 
SCOPE 


5V O- 


OUTPUT®” 


R2 

2550. 


R1 481X1 


5pF T 


INCLUDING 
JIG AND * 
SCOPE 


R2 

2550 


(a) 


(b) 


Equivalent to: 


THEVENIN EQUIVALENT 

1670 


ALL INPUT PULSES 



Cl 68-5 


Switching Characteristics Over the Operating Ranged' 51 


Parameters 

Description 

7C168-25 

7C 169-25 

7C168-35 

7C169-35 

7069-40 

7C168-45 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE I 

Irc 

Read Cycle Time 

25 


35 


40 


45 


ns 

Iaa 

Address to Data Valid 


25 


35 


40 


45 

ns 

toHA 

Output Hold from Address Change 

3 


3 


3 


3 


ns 

UcE 

CE LOW to Data Valid 

7C168 


25 


35 




45 

ns 

7C169 


15 


25 


25 



ns 

tLZCE 

CE LOW to Low Z' 6 J 

5 


5 


5 


5 


ns 

tHZCE 

CE HIGH to High Z' 6 ' 7 ' 


15 


20 


20 


25 

ns 

tpu 


0 


0 




0 


ns 

tpD 

CE HIGH to Power-Down (7C168) 


25 


25 




30 

ns 

tRCS 

Read Command Set-Up 

0 


0 


0 


0 


ns 

Irch 

Read Command Hold 

0 


0 


0 


0 


ns 

WRITE CYCLE' 8 ! 

twc 

Write Cycle Time 

25 


35 


40 


40 


ns 

tsCE 

CE LOW to Write End 

25 


30 


30 


35 


ns 

tAW 

Address Set-Up to Write End 

20 


30 


40 


35 


ns 

W 

Address Hold from Write End 

0 


0 


0 


0 


ns 

tsA 

Address Set-Up to Write Start 

0 


0 


0 


0 


ns 

tpWE 

WE Pulse Width 

20 


30 


35 


35 


ns 

tsD 

Data Set-Up to Write End 

10 


15 


15 


15 


ns 

Ihd 

Data Hold from Write End 

0 


0 


3 


3 


ns 

tLZWE 

WE HIGH to Low Zt 6 l 

6 


6 


6 


6 


ns 

Ihzwe 

WE LOW to High Z' 6 ' 7 ! 


10 


15 


20 


20 

ns 
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CY7C168 

CY7C169 



Switching Waveforms 
Read Cycle No. 1‘ 9 ’ 10 1 



C168-6 










CY7C168 

CY7C169 



Switching Waveforms (continued) 
Write Cycle No. 2 (CE Controlled)' 8 ' 121 



Cl 68-9 


Topical DC and AC Characteristics 

NORMALIZED SUPPLY CURRENT NORMALIZED SUPPLY CURRENT OUTPUT SOURCE CURRENT 



SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) OUTPUT VOLTAGE (V) 


NORMALIZED ACCESS TIME NORMALIZED ACCESS TIME OUTPUT SINK CURRENT 

vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE vs. OUTPUT VOLTAGE 



SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) OUTPUT VOLTAGE (V) 
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CY7C168 

CY7C169 



Typical DC and AC Characteristics (continued) 


TYPICAL POWER-ON CURRENT 



0.0 1.0 2.0 3.0 4.0 

SUPPLY VOLTAGE (V) 


TYPICAL ACCESS TIME CHANGE 
vs. OUTPUT LOADING 


V) 


30.0 

25.0 


2 20.0 
N 

< 15.0 

1,0.0 

5.0 


5.0 


0.0 














/ 

r 



/ 




i 

/ 

Vcc 
Ta = 

= 4.5V 

25°C 

z 






200 400 600 800 1000 

CAPACITANCE (pF) 


NORMALIZED I cc vs. CYCLE TIME 



CYCLE FREQUENCY (MHz) 


Ordering Information 


Speed 

(ns) 

Icc 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

25 

90 

CY7C168-25PC 

P5 

Commercial 

CY7C168-25DC 

D6 

CY7C168-25LC 

L51 

CY7C168-25VC 

V5 

35 

90 

CY7C168-35PC 

P5 

Commercial 

CY7C168-35DC 

D6 

CY7C168-35LC 

L51 

CY7C 168-35 VC 

V5 

CY7C 168-35DMB 

D6 

Military 

CY7C168-35LMB 

L51 

45 

70 

CY7C168-45PC 

P5 

Commercial 

CY7C168-45DC 

D6 

CY7C168-45LC 

L51 

CY7C168-45VC 

V5 

CY7C168-45DMB 

D6 

Military 

CY7C 168-45LMB 

L51 


Speed 

(ns) 

Icc 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

25 

90 

CY7C169-25PC 

P5 

Commercial 



CY7C169-25DC 

D6 




CY7C169-25LC 

L51 




CY7C169-25VC 

V5 


35 

90 

CY7C169-35PC 

P5 

Commercial 



CY7C169-35DC 

D6 




CY7C169-35LC 

L51 




CY7C169-35VC 

VS 




CY7C 169-35DMB 

D6 

Military 



CY7C169-35LMB 

LSI 


40 

70 

CY7C169-40PC 

P5 

Commercial 



CY7C169-40DC 

D6 




CY7C169-40LC 

L51 




CY7C169-40VC 

V5 




CY7C169-40DMB 

D6 

Military 



CY7C169-40LMB 

L51 
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CY7C168 

CY7C169 


:^^a®ucroR ;.— 

MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 

Subgroups 

V OH 

1, 2,3 

V OL 

1,2,3 

Vj H 

1,2,3 

V IL Max. 

1,2,3 

I[X 

1, 2,3 

loz 

1,2,3 

Icc 

1,2,3 

Isb/ 13) 

1,2,3 

IsB2 tU1 

1, 2,3 


Notes: 

13. 7C168 only. 


Switching Characteristics 


Parameters 

Subgroups 

READ CYCLE 

Irc 

7, 8, 9, 10, 11 

Iaa 

7, 8, 9, 10, 11 

toHA 

7, 8, 9, 10, 11 

UcE 

7, 8, 9, 10, 11 

Ircs 

7, 8, 9, 10, 11 

Irch 

7, 8, 9, 10, 11 

WRITE CYCLE 

twc 

7, 8, 9, 10, 11 

tsCE 

7, 8, 9, 10, 11 

Iaw 

7, 8, 9, 10, 11 

t H A 

7, 8, 9, 10, 11 

tsA 

7, 8, 9, 10, 11 

tpWE 

7, 8, 9, 10, 11 

tsD 

7, 8, 9, 10, 11 

Ihd 

7, 8, 9, 10, 11 


Document #: 38-00034-D 
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CY7C168A 

CY7C169A 



: M CYPRESS 


SEMICONDUCTOR 


Features 

• Automatic power-down when dese- 
lected (7C168A) 

• CMOS for optimum speed/power 

• High speed 
— 15 ns tw 

— 10 ns t ACE (7C169A) 

• low active power 

— 385 mW 

• Low standby power (7C168) 

— 83 mW 

• TTL-compatible inputs and outputs 

• Vih of 2.2V 


• Capable of withstanding greater than 
2001V electrostatic discharge 

Functional Description 

The CY7C168A and CY7C169A are high- 
performance CMOS static RAMs orga- 
nized as 4096 by 4 bits. Easy memory ex- 
pansion is^rovided by an active LOW chip 
enable (CE) and three-state drivers. The 
CY7C168A has an automatic power-down 
feature, reducing the power consumption 
by 77% when deselected . 

Writing to the device is accomplished when 
the chip select (CE) and write enable (WE) 
inputs are both LOW. Data on the four 
data input/output pins (I/Oo through I/0 3 ) 


4096 x 4 R/W RAM 

is written into the memory location speci- 
fied on the address pins (Ao through An). 
Reading the device is accomplished by 
takin g the chip enable (CE) LOW, while 
(WE) remains HIGH. Under these condi- 
tions, the contents of the location specified 
on the address pins will appear on the four 
data input/output pins (I/Oo through I/O3 ). 

The input/output pins remain in a high- 
impedance state whe n ch ip enable is 
HIGH or write enable (WE) is LOW. 

A die coat is used to insure alpha immunity. 


Logic Block Diagram 


Ao 

A, 

A 2 

a 3 

a 4 

a 5 

Ae 



I/Oq 

I/O, 

l/o z 

l/0 3 

m 

We 


A7 Aq AgA,oA,, 


C168A-1 


Pin Configurations 


DIP 

Top View 



< <: 
wn 
2 ,1,2019’ 

>3 " 18* A 2 

>4 17 i A, 

*®7C168A]®5 A 
7C169a]®5 I/Oo 
>7 14C I/O, 

>8 13<* |/0 2 

910 1112 . 
UVIUVA/ 

isiisr 


CI68A-2 


CI68A-3 


Selection Guide 



7C168A-15 

7C169A-15 

7C168A-25 

7C169A-25 

7C168A-25 

7C169A-25 

7C168A-35 

7C169A-35 

7C169A-40 

7C168A-45 

Maximum Access Time (ns) 

15 

20 

25 

35 

40 

45 

Maximum 

Operating 

Current (mA) 

Commercial 

115 

90 

70 

70 

50 

50 

Military 


90 

80 

70 

70 

70 
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CY7C168A 

CY7C169A 


SSC » 

=JB CYPRESS 
' — SEMICONDUCTOR 


Maximum Rating 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature - 65 °C to + 150 °C 

Ambient Temperature with 

Power Applied - 55 °C to + 125 °C 

Supply Voltage to Ground Potential 

(Pin 20 to Pin 10) - 0.5V to +7.0V 

DC Voltage Applied to Outputs 

in High Z State - 0.5V to + 7.0V 

DC Input Voltage - 3.0V to + 7.0V 

Output Current into Outputs (Low) 20 mA 


Static Discharge Voltage > 2001V 

(per MIL-STD-883, Method 3015) 

Latch-Up Current > 200 mA 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70 °C 

5V ± 10% 

Military 111 

- 55 °C to + 125 °C 

5V ± 10% 


Electrical Characteristics Over the Operating Range 121 


Parameters 

Description 

Test Conditions 

7C168A-15 

7C169A-15 

7C168A-20 

7C169A-20 

Units 

Min. 

Max. 

Min. 

Max. 

V OH 

Output HIGH Voltage 

V C c = Min., I OH = -4.0 mA 

mm 


2.4 


V 

V OL 

Output LOW Voltage 

Vcc - Min., I 0 l = 8-0 mA 


0.4 


0.4 

V 

V IH 

Input HIGH Voltage 


2.2 

Vcc 

2.2 

mam 

mm 

V IL 

Input LOW Voltage 131 


-0.5 

0.8 

-0.5 

0.8 

V 

Iix 

Input Load Current 

GND <. V, j< Vcc 

-10 

+ 10 

-10 

+ 10 

P-A 

loz 

Output Leakage 

Current 

GND <_ V 0 <_ V cc 

Output Disabled 

-10 

+ 10 

-10 

+ 10 

|iA 

los 

Output Short 

Circuit Current 141 

V cc “ Max., Vqut = GND 


-350 


-350 

mA 

Icc 

V C c Operating 

Supply Current 

V cc * Max., 

Iout = 0 rn A 

Com’l 


115 


90 

mA 

Mil 




90 

IsBl 

Automatic CS 

Power-Down Current 

Max. Vcc, 

CE _> V ra 

Com’l 


40 


40 

mA 

Mil 




40 

IsB2 

Automatic CE 

Power-Down Current 

Max. Vcc, 

CE >_ VCC - .0.3 V 

Com’l 


20 


20 

mA 

Mil 




20 


Notes: 

1. T a is the ’’instant on” case temperature. 3. V IL min. = -3.0V for pulse durations less than 30 ns. 

2. See the last page of this specification for Group A subgroup testing 4. Not more than 1 output should be shorted at one time. Duration of 

information. the short circuit should not exceed 30 seconds. 
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CYPRESS 

SEMICONDUCTOR 


CY7C168A 

CY7C169A 


Electrical Characteristics Over the Operating Range 121 (continued) 


Parameters 

Description 

Test Conditions 

7C168A-25 

7C169A-25 

7C168A-35 

7C169A-35 

7C168A-45 

7C169A-40 

■ 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

VoH 

Output HIGH Voltage 

V C c = Min., I 0 h = -4.0 mA 

2.4 


2.4 


2.4 


KB 

V 0L 

Output LOW Voltage 

Vcc ~ Min., Iql = 8.0 mA 


0.4 


0.4 


0.4 

mm 

v IH 

Input HIGH Voltage 


2.2 


2.0 

ES9 

2.0 

V cc 

mm 

V, L 

Input LOW Voltage 131 


-0.5 



0.8 

-3.0 

0.8 

mm 

Iix 

Input Load Current 

GND <L V, <_ V cc 

-10 

+ 10 

-10 

10 

-10 

10 

M-A 

loz 

Output Leakage 
Current 

GND <. V 0 <_ V cc 

Output Disabled 

-10 

+ 10 

-50 

50 

-50 

50 

P-A 

los 

Output Short 

Circuit Current 141 



-350 


-350 


-350 

mA 

Icc 

V C c Operating 

Supply Current 

Vcc = Max., 

Iout = OmA 

Com’l 


70 


70 


50 

mA 

Mil 


80 


70 


70 

IsBl 

Automatic CS 
Power-Down Current 

Max. Vcc, 

CE _>. Vih 

Com’l 


20 


20 


20 

mA 

Mil 


20 


20 


20 

IsB2 

Automatic CE 
Power-Down Current 

Max. Vcc, 

CE _> VCC - .0.3 V 

Com’l 


20 


20 


20 

mA 

Mil 


20 


20 


20 


Capacitance 151 


Parameters 

Description 

Test Conditions 

Max. 

Units 

C|N 

Input Capacitance 

T a = 25 °C, f = 1 MHz 

V cc = 5.0V 

5 

pF 

Corn- 

Output Capacitance 

7 

PF 


AC Test Loads and Waveforms 


R1 4810. 


5 V ° 

OUTPUT 0 t" 

30 pF = = 

INCLUDING 
JIG AND _ 
SCOPE ~ 


R2 

2550. 


R1 4810. 

5V O A AA, 

OUTPUT 0 f 


5pF -r 

INCLUDING I 
JIG AND _ 
SCOPE “ 


R2 

2550, 


(a) (b) C168A - 4 

Equivalent to: THEVENIN EQUIVALENT 

1670. 

OUTPUT O V* O 1.73V 


ALL INPUT PULSES 



C168A-5 


Notes: 

5. "tested initially and after any design or process changes that may af- 6. Test conditions assume signal transition times of 5 ns or less, timing 
feet these parameters. reference levels of 1.5V, input pulse levels of 0 to 3.0V, and output 

loading of the specified Iol/Iqh and 30-pF load capacitance. 
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CY7C168A 

CY7C169A 



Switching Characteristics Over the Operating Range 13 ' 61 


Parameters 

Description 

7C168A-15 

7C169A-15 

7C168A-20 

7C169A-20 

7C168A-25 

7C169A-25 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

Irc 

Read Cycle Time 

15 


20 


25 


ns 

t/\A 

Address to Data Valid 


15 


20 


25 

ns 

toHA 

Output Hold from Address Change 

5 


5 


5 


ns 

tACE 

Power Supply Current 

7068 A 


15 


20 


25 

ns 

7C169A 


10 


12 


15 

ns 

tLZCE 

CE LOW to Low Z 17 81 

5 


5 


5 


ns 

Ihzce 

CE HIGH to High Z 17 ' 91 


8 


8 


10 

ns 

tpu 


0 


0 


0 


ns 

tpD 

CE HIGH to Power-Down (7C168) 


15 


20 


20 

ns 

Ircs 

Read Command Set-Up 

o 


0 


0 


ns 

Irch 

Read Command Hold 

0 


0 


0 


ns 

WRITE CYCLE 1101 

twc 

Write Cycle Time 

15 


20 


20 


ns 

tsCE 


12 


15 


20 


ns 

tAW 

Address Set-Up to Write End 

12 


15 


20 


ns 

UlA 

Address Hold from Write End 

0 


0 


0 


ns 

tsA 

Address Set-Up to Write Start 

0 


0 


0 


ns 

tpWE 

WE Pulse Width 

12 


15 


15 


ns 

tsD 

Data Set-Up to Write End 

10 


10 


10 


ns 

Ihd 

Data Hold from Write End 

0 


0 


0 


ns 

Ilzwe 

WE HIGH to Low Z 1?1 

7 


7 


7 


ns 

Ihzwe 

WE LOW to High Z 17 ' 91 


5 


5 


5 

ns 


Notes: 

7. At any given temperature and voltage condition, Thz is less than tLz 
for all devices. Transition is measured ± 500 mV from steady state 
voltage with specified loading in part (b) of AC Test Loads and Wave- 
forms. 

8. 3-ns minimum for the CY7C169A. 

9. tnzcE an d tnzwE are tested with Cl = 5 pF as in part (a) of Test Loads 
and Waveforms. Transition is measured ± 500 mV from steady state 
voltage. 

10. Th e internal write time of the memory is defined by the overlap of 
CE LOW and WE LOW. Both signal must be LOW to initiate a write 


and either signal can terminate a write by going high. The data input 
setup and hold timing should be referenced to the rising edge of the 
signal that terminates the write. 

11. WE is HIGH for read cycle. 

12. Device is continuously selected, CE = Vil- 

13. Address valid prior to or coincident with CE transition low. 

14. If CE goes HIGH simultaneously with WE HIGH, the output re- 
mains in a high-impedance state. 
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CY7C168A 

CY7C169A 



==S5FJ? CYPRESS 

SEMODNDUCTOR ===== " = = — = == — 
Switching Characteristics Over the Operating Range 13, 61 (continued) 


Parameters 

Description 

7C168A-35 

7C169A-35 



7C169A-40 

7C168A-45 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

Irc 

Read Cycle Time 

35 


40 


45 


ns 

i-AA 

Address to Data Valid 


35 


40 


45 

ns 

toHA 

Output Hold from Address Change 

3 


5 


5 


ns 

tACE 

Power Supply Current 

7C168A 


35 


40 


45 

ns 

7C169A 


25 


25 



ns 

tLZCE 

CE LOW to Low Zl 7 8 1 

5 


5 


5 


ns 

Ihzce 

CE HIGH to High Zt 7,9 ! 


15 


15 


15 

ns 

tpu 

CE LOW to Power Up (7C168) 

0 


o 


0 


ns 

tpD 

CE HIGH to Power-Down (7C168) 


20 


20 


25 

ns 

tRCS 

Read Command Set-Up 

0 


0 


0 


ns 

Irch 

Read Command Hold 

0 


0 


0 


ns 

WRITE CYCLE! 10 ! 

twc 

Write Cycle Time 

25 


35 


40 


ns 

tsCE 


25 


30 


30 


ns 

tAW 

Address Set-Up to Write End 

25 


30 


30 


ns 

tHA 

Address Hold from Write End 

0 


0 


0 


ns 

tsA 

Address Set-Up to Write Start 

0 


0 


0 


ns 

tpWE 

WE Pulse Width 

20 


20 


20 


ns 

tsD 

Data Set-Up to Write End 

15 


15 


15 


ns 

tHD 

Data Hold from Write End 

0 


0 


0 


ns 

tLZWE 

WE HIGH to Low Z' 7 l 

10 


15 


15 


ns 

Ihzwe 

WE LOW to High Z 7,9 1 


5 


5 


5 

ns 


Switching Waveforms 


Read Cycle No. It 11, 121 



m l nu w 

ADDRESS ^ 

( ) 



* Wj 

* *OHA H 

1 

i 


DATA OUT PREVIOUS DATA VALID ^ 


( DATA VALID 


C168A-6 
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Switching Waveforms (continued) 











NORMALIZED Irq NORMALIZED NORMALIZED I 


CY7C168A 

CY7C169A 



Typical DC and AC Characteristics 


NORMALIZED SUPPLY CURRENT NORMALIZED SUPPLY CURRENT 

vs. SUPPLY VOLTAGE vs - AMBIENT TEMPERATURE 



SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (»C) 

NORMALIZED ACCESS TIME NORMALIZED ACCESS TIME 

vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE 




OUTPUT VOLTAGE (V) 


OUTPUT SINK CURRENT 
vs. OUTPUT VOLTAGE 



0.0 1.0 2.0 3.0 4.0 


SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) OUTPUT VOLTAGE (V) 


TYPICAL POWER-ON CURRENT TYPICAL ACCESS TIME CHANGE 

vs. SUPPLY VOLTAGE (7C1 48) vs. OUTPUT LOADING NORMALIZED I cc vs. CYCLE TIME 



SUPPLY VOLTAGE (V) CAPACITANCE (pF) CYCLE FREQUENCY (MHz) 
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fM CYPRESS 

SEMICONDUCTOR 


CY7C168A 

CY7C169A 


Ordering Information 


Speed 

(ns) 

Icc 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

15 

115 

CY7C 168A- 15PC 

P5 

Commercial 



CY7C168A-15DC 

D6 




CY7C168A-15VC 

V5 


20 

90 

CY7C168A-20PC 

P5 

Commercial 



C Y7C 168 A-20DC 

D6 




CY7C168A-20VC 

V5 




CY7C168A-20DMB 

D6 

Military 



CY7C168A-20LMB 

L51 




CY7C168A-20FMB 

F71 




CY7C 168A-20KMB 

K71 


25 

70 

CY7C168A-25PC 

P5 

Commercial 



CY7C168A-25DC 

D6 




CY7C168A-25LC 

L51 




CY7C168A-25VC 

V5 



80 

CY7C168A-25DMB 

D6 

Military 



CY7C168A-25LMB 

L51 




CY7C168A-25FMB 

F71 




CY7C168A-25KMB 

K71 


35 

70 

CY7C168A-35PC 

P5 

Commercial 



CY7C168A-35DC 

D6 




CY7C168A-35LC 

L51 




C Y7C 168A-35 V C 

V5 




CY7C168A-35DMB 

D6 

Military 



CY7C168A-35LMB 

L51 




CY7C168A-35FMB 

F71 




C Y7C 168A-35KMB 

K71 


45 

50 

CY7C168A-45PC 

P5 

Commercial 



C Y7C 168 A-45DC 

D6 




CY7C168A-45LC 

L51 




CY7C168A-45VC 

V5 



70 

CY7C168A-45DMB 

D6 

Military 



CY7C 168 A-45LMB 

L51 




CY7C168A-45FMB 

F71 




CY7C168A-45KMB 

K71 



Speed 

(ns) 

Icc 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

15 

115 

CY7C 169A- 15PC 

P5 

Commercial 



CY7C169A-15DC 

D6 




CY7C169A- 15VC 

V5 


20 

90 

CY7C169A-20PC 

P5 

Commercial 



C Y7C 169A-20DC 

D6 




CY7C169A-20VC 

V5 




C Y7C 169A-20DMB 

D6 

Military 



CY7C169A-20LMB 

L51 




CY7C169A-20FMB 

F71 




CY7C169A-20KMB 

K71 


25 

70 

CY7C169A-25PC 

P5 

Commercial 



CY7C169A-25DC 

D6 




CY7C169A-25LC 

L51 




CY7C169A-25VC 

V5 



80 

CY7C 169A-25DMB 

D6 

Military 



CY7C169A-25LMB 

L51 




CY7C169A-25FMB 

F71 




CY7C169A-25KMB 

K71 


35 

70 

C Y7C 169A-35PC 

P5 

Commercial 



CY7C 169A-35DC 

D6 




CY7C169A-35LC 

L51 




CY7C169A-35VC 

V5 




CY7C169A-35DMB 

D6 

Military 



CY7C169A-35LMB 

L51 




CY7C169A-35FMB 

F71 




C Y7C 169A-35KMB 

K71 


45 

50 

CY7C 169A-45PC 

P5 

Commercial 



C Y7C 169A-45DC 

D6 




CY7C169A-45LC 

L51 




CY7C169A-45VC 

V5 



70 

CY7C169A-45DMB 

D6 

Military 



CY7C169A-45LMB 

L51 




CY7C169A-45FMB 

F71 




CY7C169A-45KMB 

K71 
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CY7C168A 

CY7C169A 



MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 

Subgroups 

VOH 

1,2,3 

Vql 

1,2,3 

V,H 

1,2,3 

V, L Max. 

1, 2,3 

Iix 

1,2,3 

loz 

1,2,3 

Icc 

1,2,3 

ISB1 [15] 

1,2,3 

IsB2 1151 

1,2,3 


Note: 

15. 7C168 only. 


Switching Characteristics 


Parameters 

Subgroups 

READ CYCLE 

Irc 

7, 8, 9, 10, 11 

*AA 

7, 8, 9, 10, 11 

toHA 

7, 8, 9, 10, 11 

tACE 

7, 8, 9, 10, 11 

Ircs 

7, 8, 9, 10, 11 

Irch 

7, 8, 9, 10, 11 

WRITE CYCLE 

t\vc 

7, 8, 9, 10, 11 

tsCE 

7, 8, 9, 10, 11 

l AW 

7, 8, 9, 10, 11 

tHA 

7, 8, 9, 10, 11 

tsA 

7, 8, 9, 10, 11 

tpWE 

7, 8, 9,10, 11 

tsD 

7, 8, 9, 10, 11 

tnD 

7, 8, 9, 10, 11 
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CY7C170 



CYPRESS 
SEMICONDUCTOR 


4096 x 4 Static R/W RAM 


Features 

• CMOS for optimum speed/power 

• High speed 

— 25 ns tAA 

— 15nst A cs 

• Low active power 

— 495 mVY (commercial) 

— 660 mW (military) 

• TTL-compatible inputs and outputs 

• Capable of withstanding greater than 
2001V electrostatic discharge 

• Output enable 


Functional Description 

The CY7C170 is a high-performance 
CMOS static RAM organized as 4096 
words by 4 bits. Easy memory expansion is 
provided by an active LOW chip selec t 
(CS), an active LOW output enable (OE), 
and three-state drivers. 

Writing to the device is accomplished when 
the chip select (CS) and write enable (WE) 
inputs are both LOW. Data on the four I/O 
pins (I/O 0 through I/O 3 ) is written into the 
memory location specified on the address 
pins (Ao through A n ). 


Reading the device is accomplished by t aking 
chip select (CS) and outpu t ena ble (OE) 
LOW, while write enable (WE) remains 
HIGH. Under these conditions the contents 
of the memory location specified on the ad- 
dress pins will appear on the I/O pins. 

The I/O pins stay in high-impedance state 
when chip select (CS) or ou tput enable (OE) 
is HIGH, or write enable (WE) is LOW. 

A die coat is used to insure alpha immunity. 



Logic Block Diagram 



C170-1 


Pin Configurations 



soj 

Top View 



C170-2 


Cl 70-3 
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7C 170-25 

7C170-35 

7C170-45 

Maximum Access Time (ns) 

25 

35 

45 

Maximum Operating 

Current (mA) 

Commercial 

90 

90 

90 

Military 


120 

120 
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_ 'CYPRESS 

semiconductor 


Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 

Static Discharge Voltage 


> 2001V 


Storage Temperature -65°Cto + 150° °C 

Ambient Temperature with 

Power Applied -55°Cto + 125 °C 

Supply Voltage to Ground Potential 

(Pin 22 to Pin 11) - 0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State - 0.5V to + 7.0V 

DC Input Voltage - 3.0V to + 7.0V 

Output Current into Outputs (Low) 20 mA 


(per MII^STD-883, Method 3015) 

Latch-Up Current >200 mA 

Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70°C 

5V ± 10% 

Military' 11 

- 55 °C to + 125 °C 

5V ± 10% 


Electrical Characteristics Over the Operating Range 121 


Parameters 

Description 

Test Conditions 

7C170 

Units 

Min. 

Max. 

V OH 

Output HIGH Voltage 

Vcc = Min., Ioh = “ 4.0 mA 

2.4 


V 

Vol 

Output LOW Voltage 

V C c = Min., Iol = 8.0 mA 


0.4 

V 

V,„ 

Input HIGH Voltage 


2.0 

Vcc 

V 

V,L 

Input LOW Voltage 


-3.0 

0.8 

V 

Itx 

Input Load Current 

GND <_ Vi <_V C c 

-10 

+ 10 

pA 

loz 

Output Leakage Current 

GND <_ V 0 <. Vcc, Output Disabled 

-50 

+ 50 

|iA 

los 

Output Short Circuit Current' 31 

Vcc = Max., Vqut = GND 


-350 

mA 

Icc 

V C c Operating Supply 

Current 

V C c = Max. 
lour = 0 mA 

Com’l 


90 

mA 

Mil 


120 

mA 


Capacitance ' 41 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Qn 

Input Capacitance 

T a = 25 °C, f = 1 MHz, 

Vcc = 5.0V 

4 

pF 

CqUT 

Output Capacitance 

7 

pF 


Notes 

1. Ta is the “instant on” case temperature. 3. Not more than 1 output should be shorted at one time. Duration of 

2. See the last page of this specification for Group A subgroup testing the short circuit should not exceed 30 seconds. 

information. 4. Tested initially and after any design or process changes that may affect 

these parameters. 


AC Test Loads and Waveforms 


5V °- 


R1 481X1. 


OUTPUT 


30 pF -T- 

INCLUDING 
JIG AND — 
SCOPE “ 


R2 

255 a 


R1 48ia 


5V °~ 

OUTPUT®— 


5 pF 


INCLUDING 
JIG AND -ZZT 
SCOPE 


r 

i 


R2 

255 a 


(a) 


(b) C170-4 


Equivalent to: THEVENIN EQUIVALENT 

i67a 

OUTPUT O- .... <W» O 1.73V 


ALL INPUT PULSES 
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SEMCONDUCTOR 


CY7C170 


Switching Characteristics Over the Operating Rangel 2 ’ 5] 


Parameters 

Description 

7C170A-25 

7C170A-35 

7C170A-45 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

tRC 

Read Cycle Time 

25 


35 


45 


ns 

tj\A 

Address to Data Valid 


25 


35 


45 

ns 

toHA 

Output Hold from Address Change 

3 


3 


3 


ns 

tACS 



15 


25 


30 

ns 

tDOE 



15 


15 


20 

ns 

tLZOE 

OE LOW to Low Z 

0 


0 


0 


ns 

tHZOE 

OE HIGH to High Zl 6 l 


15 


15 


15 

ns 

tLZCS 

CS LOW to Low ZPl 

3 


5 


5 


ns 

tHZCS 

CE HIGH to High Z' 6 - 7 1 


15 


20 


25 

ns 

WRITE CYCLE' 8 ! 

twc 

Write Cycle Time 

25 


35 


40 


ns 

tsCE 

CS LOW to Write End 

25 


35 


35 


ns 

tAW 

Address Set-Up to Write End 

20 


30 


35 


ns 

tHA 

Address Hold from Write End 

0 


0 


0 


ns 

tsA 

Address Set-Up to Write Start 

0 


0 


0 


ns 

tpWE 

WE Pulse Width 

20 


30 


35 


ns 

tsD 

Data Set-Up to Write End 

10 


15 


15 


ns 

tHD 

Data Hold from Write End 

0 


0 


3 


ns 

tHZWE 

WE HIGH to High Z 


10 


15 


20 

ns 

tLZWE 

WE HIGH to Low Z 

6 


6 


6 


ns 


Notes: 

5. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5V, input pulse levels of 0 to 3.0V and output 
loading of the specified Ioj/Ioh, and 30-pF load capacitance. 

6. 'hzoe. 'hzcs, and tnzwE are tested with Cl = 5pF as in part (b) of 
AC Test Loads. Transition is measured ± 500 mV from steady state 
voltage. 

7. At any given temperature and voltage condition, t H zcs is less than 
Ilzcs for any given device. 

8. The inter nal w rite time of the memory is defined by the overlap of CS 
LOW and WE LOW. Both signals must be LOW to initiate a write and 


either signal can terminate a write by going HIGH. The data input set- 
up and hold timing should be referencd to the rising edge of the signal 
that terminates the write. 

9. WE is HIGH for read cycle. 

10. Device is continuously selected, CS = Vj L and OE = Vjl. 

11. Address valid prior to or coincident with CE transition LOW. 

12. Data I/O will be high impedance if OE = Vjh- 

13. If CE goes HIGH simultaneously with WE HIGH, the output remains 
in a high-impedance state. 


Switching Waveforms 

Read Cycle No. ll 9, 10 1 



“* tRC ► 


ADDRESS y 

i ) 

( 


U toHA H 

*AA ► 


DATA OUT PREVIOUS DATA VALID y 

<xxxxx> 

( DATA VALID 


Cl 70-6 
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Switching Waveforms (continued) 
Read Cycle No. 2' 9 - 111 
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SEMCONDUCTOR 


Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

25 

CY7C170-25PC 

P9 

Commercial 

CY7C170-25DC 

DIO 

CY7C170-25VC 

V13 

35 

CY7C170-35PC 

P9 

Commercial 

CY7C170-35DC 

DIO 

CY7C 170-35 VC 

V13 

CY7C 170-35DMB 

DIO 

Military 

45 

CY7C170-45PC 

P9 

Commercial 

CY7C170-45DC 

DIO 

CY7C170-45VC 

V13 

C Y7C 170-45DMB 

DIO 

Military 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 


Parameters 

Subgroups 

a 

o 

> 

1, 2,3 

V OL 

1, 2,3 

VlH 

1,2,3 

V IL Max. 

1,2,3 

Iix 

1, 2,3 

loz 

1,2,3 

Icc 

1,2,3 


Switching Characteristics 


Parameters 

Subgroups 

READ CYCLE 

Irc 

7, 8, 9, 10, 11 

Iaa 

7, 8, 9, 10, 11 

toHA 

7, 8, 9, 10, 11 

tACS 

7, 8, 9, 10, 11 

Idoe 

7, 8, 9, 10, 11 

WRITE CYCLE 

twc 

7, 8, 9, 10, 11 

tscs 

7, 8, 9, 10, 11 

tAW 

7, 8, 9, 10, 11 

tHA 

7, 8, 9, 10, 11 

tsA 

7, 8, 9, 10, 11 

tpWE 

7, 8, 9, 10, 11 

tsD 

7, 8, 9, 10, 11 

Ihd 

7, 8, 9, 10, 11 


Document #: 38-00035-E 






CY7C170A 



Features 

• CMOS for optimum speed/power 

• High speed 

— 15 ns tAA 

— 10nst AC s 

• Low active power 

— 495 mW (commercial) 

— 660 mW (military) 

• TTL-compatible inputs and outputs 

• Capable of withstanding greater than 
2001V electrostatic discharge 

• Output enable 

• Vih of 2.2V 


Functional Description 

The CY7C170A is a high-performance 
CMOS static RAM organized as 4096 
words by 4 bits. Easy memory expansion is 
prov ided by an active LOW chip s elec t 
(CS), an active LOW output enable (OE) 
and three-state drivers. 

Writing to the device is accomplished when 
the chip select (CS) and write enable (WE) 
inputs are both LOW. Data on the four in- 
put/output pins (I/O 0 through I/0 3 ) is writ- 
ten into the memory location specified on 
the address pins (Aq through An). 


Reading the device is accomplished by t aking 
chip select (CS) and output ena ble (OE) 
LOW, while write enable (WE) remains 
HIGH. Under these conditions, the contents 
of the memory location specified on the ad- 
dress pins will appear on the four data I/O 
pins. 

The I/O pins stay in high-impedance state 
when chip select (CS) or o utput enable (OE) 
is HIGH, or write enable (WE) is LOW. 

A die coat is used to insure alpha immunity. 



Selection Guide 
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CYPRESS 

SEMICONDUCTOR 


CY7C170A 


Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 

Static Discharge Voltage 


>200 IV 


Storage Temperature -65°Cto + 150° °C 

Ambient Temperature with 

Power Applied -55°Cto + 125 °C 

Supply Voltage to Ground Potential 

(Pin 22 to Pin 21) - 0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State - 0.5V to + 7.0V 

DC Input Voltage - 3.0V to + 7.0V 

Output Current into Outputs (Low) 20 mA 


(per MIL-STD-883, Method 3015) 

Latch-up Current > 200 mA 

Operating Range 


Range 

Ambient 

Temperature 

V C c 

Commercial 

0°C to + 70 °C 

5V ± 10% 

Military 1 ' 1 

- 55 °C to + 125 °C 

5V ± 10% 


Electrical Characteristics Over the Operating Range 121 


Parameters 

Description 

Test Conditions 

7C170A-15 

7C170A-20, 25, 35, 45 

Units 

Min. 

Max. 

Min. 

Max. 

VqH 

Output HIGH Voltage 

V C c = Min., I 0 H = - 4.0 mA 

JEM 


2.4 


V 

VOL 

Output LOW Voltage 

Vcc = Min., I OL = 8.0 mA 


0.4 


0.4 

V 

V ih 

Input HIGH Voltage 


2.2 

wm 

2.2 

Vcc 

V 

V IL 

Input LOW Voltage 


-3.0 

3i 

-3.0 

0.8 

V 

Iix 

Input Load Current 

GND <. V, V cc 

-10 

+ 10 

-10 

+ 10 

M-A 

loz 

Output Leakage 

Current 

GND <.Vo<. Vcc, 

Output Disabled 

-10 

+ 10 

-10 

+ 10 

|xA 

los 

Output Short 

Circuit Current 131 



-350 


-350 

mA 

Icc 

Vcc Operating Supply 
Current 

V cc = Max. 

Iout = 0 mA 

Com’l 


115 


90 

mA 

Mil 




120 

mA 


Capacitance 141 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Qn 

Input Capacitance 


4 

pF 

CqUT 

Output Capacitance 

7 

pF 


Notes: 

1. Ta is the ’’instant on” case temperature. 

2. See the last page of this specification for Group A subgroup testing 
information. 


3. Not more than 1 output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 

4. Tested initially and after any design or process changes that may affect 
these parameters. 


AC Test Loads and Waveforms 


R1 4810. 


5V O 

OUTPUT 0 P 

30 pF = = 

INCLUDING 
JIG AND _ 
SCOPE “ 


R2 

255X1 


5V °- 


ri 48m 


OUTPUT 0 " 


5pF T 

INCLUDING 
JIG AND — 
SCOPE “ 


R2 

255 XL 


(a) (b) C170A-4 

Equivalent to: THEVENIN EQUIVALENT 

167XL 

OUTPUT 0 V A O 1.73V 


ALL INPUT PULSES 



C170A-5 
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Parameters 

Description 

7C170A-15 

7C170A-20 

7C170A-25 

7C170A-35 

7C170A-45 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

tRC 

Read Cycle Time 

15 


20 


25 


35 


45 


ns 

tAA 

Address to Data Valid 


15 


20 


25 


35 


45 

ns 

toHA 

Data Hold from Address Change 

5 


5 


5 


5 


5 


ns 

tACS 

t^T.VgBIV!TSP?' ! n— 


10 


15 


15 


25 


30 

ns 

tDOE 

OE LOW to Data Valid 


10 


10 


12 


15 


20 

ns 

tLZOE 


3 


3 


3 


3 


3 


ns 

tHZOE 

OE HIGH to High Zt 61 


8 


8 


10 


12 


15 

ns 

tLZCS 

k^ssbshhi 

5 


5 


5 


5 


5 


ns 

tHZCS 

CS HIGH to High Z 16 - 7 ' 


8 


8 


10 


15 


15 

ns 

WRITE CYCLEl 8 ! 

twc 

Write Cycle Time 

15 


20 


20 


25 


40 


ns 

tscs 

CS LOW to Write End 

12 


15 


20 


25 


30 


ns 

tAW 

Address Set-Up to Write End 

12 


15 


20 


25 


30 


ns 

tHA 

Address Hold from Write End 

0 


0 


0 


MM 


a 


ns 

tSA 

Address Set-Up to Write Start 

0 


0 


0 


0 


0 


ns 

tpwE 

WE Pulse Width 

12 


15 


15 


20 


20 


ns 

tsD 

Data Set-Up to Write End 

10 


10 


10 


15 


15 


ns 

tHD 

Data Hold from Write End 

0 



0 


0 


■■ 


0 


ns 

tHZWE 

WE HIGH to High Z 


MM 


7 


7 


10 


15 

ns 

tLZWE 

WE HIGH to Low Z 

5 


5 


5 


5 


5 


ns 


Switching Characteristics Over the Operating Range 11 - 51 


Notes: 

5. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5V, input pulse levels of 0 to 3.0V and output 
loading of the specified Ioi/Ioh, and 30-pF load capacitance. 

6. tnzcE and t HZW E are tested with Cl = 5pF as in part (b) of AC Test 
Loads. 'Itansition is measured ± 500 mV from steady state voltage. 

7. At any given temperature and voltage condition, tnzcs is less than 
tLzcs for any given device. These parameters are sampled and not 
100% tested. 

8. The inter nal w rite time of the memory is defined by the overlap of CS 
LOW and WE LOW. Both signals must be LOW to initiate a write and 

Switching Waveforms 


either signal can terminate a write by going HIGH. The data input set- 
up and hold timing should be referencd to the rising edge of the signal 
that terminates the write. 

9. WE is HIGH for read cycle. 

10. Device is continuously selected, CS = V^and OE = V] L . 

11. Data I/O will be high-impedance if T5E = Vm. 

12. Address valid prior to or coincident with CS transition LOW. 

13. If CS goes HIGH simultaneously with WE HIGH, the output remains 
in a high-impedance state. 


Read Cycle No. it 9 - 10 1 



* tRC ► 


ADDRESS y 

( ) 

i 


U 

N f0HA H 

*AA ► 


DATA OUT PREVIOUS DATA VALID y 

<xxxxx> 

( DATA VALID 


C170A-8 
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Switching Waveforms (continued) 
Read Cycle No. 2 1 9 - ”1 
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CY7C170A 


Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

15 

CY7C170A-15PC 

P9 

Commercial 

CY7C170A-15DC 

DIO 

CY7C170A-15VC 

V13 

20 

CY7C170A-20PC 

P9 

Commercial 

CY7C170A-20DC 

DIO 

CY7C170A-20VC 

V13 

CY7C170A-20DMB 

DIO 

Military 

CY7C170A-20KMB 

K73 

25 

CY7C 170A-25PC 

P9 

Commercial 

CY7C170A-25DC 

DIO 

CY7C170A-25VC 

V13 

CY7C170A-25DMB 

DIO 

Military 

CY7C170A-25KMB 

K73 

35 

CY7C170A-35PC 

P9 

Commercial 

CY7C170A-35DC 

DIO 

CY7C170A-35VC 

V13 

CY7C170A-35DMB 

DIO 

Military 

CY7C170A-35KMB 

K73 

45 

C Y7C 170A-45PC 

P9 

Commercial 

CY7C170A-45DC 

DIO 

CY7C170A-45VC 

V13 

CY7C 170A-45DMB 

DIO 

Military 

CY7C170A-45KMB 

K73 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 


Parameters 

Subgroups 

V OH 

1, 2,3 

Vol 

1,2,3 

V,H 

1,2,3 

V, L Max. 

1,2,3 

I.x 

1, 2,3 

loz 

1,2,3 

Icc 

1, 2,3 


Switching Characteristics 


Parameters 

Subgroups 

READ CYCLE 

Irc 

7, 8, 9, 10, 11 

Iaa 

7, 8, 9, 10, 11 

toHA 

7, 8, 9, 10, 11 

tACS 

7, 8, 9, 10, 11 

tDOE 

7, 8, 9, 10, 11 

WRITE CYCLE 

twc 

7, 8, 9, 10, 11 

tscs 

7, 8, 9, 10, 11 

tAW 

7, 8, 9, 10, 11 

tHA 

7, 8, 9, 10, 11 

tsA 

7, 8, 9, 10, 11 

tpWE 

7, 8, 9, 10, 11 

tsD 

7, 8, 9, 10, 11 

tHD 

7, 8, 9, 10, 11 
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4096 x 4 Static R/W RAM 
Separate I/O 


Features 

• Automatic power-down when 
deselected 

• CMOS for optimum speed/power 

• High speed 

- 25 ns tM 

• Transparent Write (7071) 

• Low active power 

- 385 mW 

• Low standby power 

- 83 mW 

• TTL-compatible inputs and outputs 

• Capable of withstanding greater than 
2001V electrostatic discharge 


Functional Description 

The CY7C171 and CY7C172 are high-per- 
formance CMOS static RAMs organized as 
4096 by 4 bits with separate I/O. Easy 
memory expansion is provided by an active 
LOW chip enable (CE) and three-state 
drivers. They have an automatic power- 
down feature, reducing the power con- 
sumption by 77% when deselected. 
Writing to the device is accomplished when 
the c hip enable (CE) and write enable 
(WE) inputs are both LOW. Data on the 
four input pins (Io through I 3 ) is written into 
the memory location specified on the ad- 
dress pins (Aq through A u ). 


Reading the device is accomplished by taking 
chip enable (CE) LOW, while write enable 
(WE) remains HIGH. Under these condi- 
tions, the contents of the memory location 
specified on the address pins will appear on 
the four data output pins (O 0 through 0 3 ). 

The output pins stay i n hig h-impedance state 
when write enable (WE) is LOW (7C171 
only), or chip enable (CE) is HIGH. 

A die coat is used to insure alpha immunity. 


Logic Block Diagram 


Pin Configurations 


Ao 

Ai 

A 2 

a 3 

a 4 

A5 

Ae 



to 


I, 




I3 


Oo 


0, 


0 2 


03 


CE 


WE 


C171-1 


DIP/SOJ 
Top View 

A4 
As 
Ae 
A7 
Ae 
A9 
A,o 
An 

I3 

[2 

CE 
GND 

C171-2 



LCC 
Top View 

* 983 $ 8 3 ! 

Ae 

A„ 

NC 
NC 

A10 

An 

I3 

^IS§IS<5’c9 , 6- 

13 



A, 

Ao 

to 

NC 

NC 

I, 

Oo 


Cl 71 -3 


Selection Guide 



7071- 25 

7072- 25 

7071- 35 

7072- 35 

7071- 45 

7072- 45 

Maximum Access Time (ns) 

25 

35 

45 

Maximum Operating 

Current (mA) 

Commerical 

90 

90 

70 

Military 


90 

70 
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Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


CY7C171 

CY7C172 


Storage Temperature -65°Cto + 150 °C 

Ambient Temperature with 

Power Applied -55°Cto + 125 °C 

Supply Voltage to Ground Potential 

(Pin 24- to Pin 12) - 0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State - 0.5V to + 7.0V 

DC Input Voltage - 3.0V to + 7.0V 

Output Current into Outputs (Low) 20 mA 

Electrical Characteristics Over the Operating Range 121 


Static Discharge Voltage > 2001V 

(per MIL-STD-883, Method 3015) 

Latch-Up Current >200 m A 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70 °C 

5V ± 10% 

Military 111 

- 55 °C to + 125 °C 

5V ± 10% 



7071- 25 

7072- 25 


7071- 35 

7072- 35 


7071- 45 

7072- 45 


Description 


Output HIGH Voltage 


Output LOW Voltage 


Input HIGH Voltage 


Input LOW Voltage 


Input Load Current 


Output Leakage 
Current 


Output Short 
Circuit Current! 31 


V C c Operating 
Supply Current 


Automatic CE 
Power-Down Current 


Automatic CE 
Power-Down Current 


Test Conditions 


Vcc = Min., Iqh = - 4.0 mA 


cc = Min., Iql — 8.0 mA 


GND <_V, <_V CC 


GND^Vq^Vcc, 
Output Disabled 


Vcc = Max., Vout = GND 


V C c = Max. 
Iout = 0 mA 


Max . Vcc, 
CE _>V IH 


Max . V cc , 

CE_> V cc -0.3V 



Max. 

Min. 

Max. 

Min. 

Max. 

Units 


mm 


mm 


Hi 

0.4 


0.4 


0.4 

mm 


2.2 


2.2 


1 v 

— 

-3.0 

BiU 

-3.0 

0.8 

mm 

+ 10 1 

- 10 

+ 10 

- 10 

+ 10 

pA 

+ 50 

-50 

+ 50 

-50 

+ 50 

P-A 

-350 


-350 


-350 

mA 

90 


90 


70 

mA 

90 


90 


70 

mA 

20 


20 


15 

mA 

40 


20 


20 

mA 

15 


15 


15 

mA 

mm 


mm 


mm 



Capacitance 141 


Parameters 

Description 

Qn 

Input Capacitance 

Cqut 

Output Capacitance 


Test Conditions 


T a = 25 °C, f = 1 MHz, 
V cc = 5.0V 



Notes: 

1. T A is the ’’instant on” case temperature. 

2. See the last page of this specification for Group A subgroup testing 
information. 

AC Test Loads and Waveforms 

R1 481.0. R14810, 


3. Not more than 1 output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 

4. Tested initially and after any design or process changes that may affect 
these parameters 


ALL INPUT PULSES 

'jT 90% 


INCLUDING 
JIG AND — 
SCOPE “ 


INCLUDING 
JIG AND — 
SCOPE “ 


Equivalent to: 


THEVENIN EQUIVALENT 

1670. 

OUTPUT O VA 
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CYPRESS 

SE3vflCCNDUCrO? 


CY7C171 

CY7C172 


Switching Characteristics Over the Operating Range 12 - 51 


Description 


Read Cycle Time 


Address to Data Valid 



Output Hold from Address Change 


CE LOW to Data Valid 


CE LOW to Low Z 161 


CE HIGH to High Z 16 - 7 ' 



Read Command Set-up 


Irch 


WRITE CYCLE 18 ' 


Read Command Hold 



Write Cycle Time 


CE LOW to Write End 


Address Set-Up to Write End 


Address Hold from Write End 


Address Set-Up to Write Start 


WE Pulse Width 


Data Set-Up to Write End 


Data Hold from Write End 


WE HIGH to Low Z 161 (7C172) 


WE LOW to High Z 16 - 71 (7C172) 


m\'i a 


Data Valid to Output Valid (7C171) 


7C171-25 

7C172-25 


7C171-35 

7C172-35 


7C171-45 

7C172-45 


Min. Max. Min. Max. Min. Max. 



5. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5V, input pulse levels of 0 to 3.0V and output 
loading of the specified Ioi/Ioh, and 30-pF load capacitance. 

6. At any given temperature and voltage condition, tnz ls less than tLz 
for any given device. 

7- tuzcE ancl Ihzwe are tested with Cl = 5pF as in part (b) of AC Test 
Loads. Transition is measured ± 500 mV from steady state voltage. 

Switching Waveforms 

Read Cycle No. I 19 - 101 I 


8. The intern al w rite time of the memory is defined by the overlap of CE 
LOW and WE LOW. Both signals must be low to initiate a write and 
either signal can terminate a write by going high. The data input setup 
and hold timing should be referencd to the rising edge of the signal 
that terminates the write. 

9. WE is HIGH for read cycle. 

10. Device is continuously selected, CE = Vjl- 
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CY7C171 

CY7C172 



Switching Waveforms 



C171-8 


ADDRESS 


DATA IN 


DATA OUT 
(7C172) 

DATA OUT 
(7C171) 


— > 

« iwc ► 

c ~ ~ : ' Z3 

( 


■* *SA *» 





S 

S ... ? 

/ 


[ 

Vw * 

m VwE m 

\ 7 

Via 1 




U 

tsD ► 

k- tHD -H 


“ 

r 

DATA-IN VALID ^ 

<~ z 


* VzWE ► 

HIGH IMPEDANCE 

DATA UNDEFINED 



r* ~ "■ Vwt “ 1 



DATA UNDEFINED 


X 


DATA VALID 


11. Address valid prior to or coincident with CE transition LOW. 


12. If CE goes HIGH simultaneously with WE HIGH, the output remains 
in a high-impedance state (7C172). 
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NORMALIZED Ipo NORMALIZED NORMALIZED I 


CY7C171 

CY7C172 



Typical DC and AC Characteristics 


NORMALIZED SUPPLY CURRENT NORMALIZED SUPPLY CURRENT OUTPUT SOURCE CURRENT 



SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) OUTPUT VOLTAGE (V) 


NORMALIZED ACCESS TIME 
vs. SUPPLY VOLTAGE 




OUTPUT SINK CURRENT 
vs. OUTPUT VOLTAGE 



SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) OUTPUT VOLTAGE (V) 


TYPICAL POWER-ON CURRENT TYPICAL ACCESS TIME CHANGE 

vs. SUPPLY VOLTAGE vs. OUTPUT LOADING NORMALIZED I CC vs. CYCLE TIME 



SUPPLY VOLTAGE (V) CAPACITANCE (pF) CYCLE FREQUENCY (MHz) 
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CY7C171 

CY7C172 


CYPRESS 

"Sg / SEMICONDUCTOR 

Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

25 

CY7C171-25PC 

P13 

Commerical 


25 

CY7C172-25PC 

P13 

Commerical 


CY7C171-25DC 

D14 




CY7C172-25DC 

D14 



CY7C171-25LC 

L64 




CY7C 172-25 LC 

L64 



CY7C171-25VC 

V13 




CY7C172-25VC 

V13 


35 

CY7C171-35PC 

P13 

Commerical 


35 

CY7C172-35PC 

P13 

Commerical 


CY7C171-35DC 

D14 




CY7C172-35DC 

D14 



CY7C171-35LC 

L64 




CY7C172-35LC 

L64 



CY7C171-35VC 

V13 




CY7C172-35VC 

V13 



C Y7C 17 1-35DMB 

D14 

Military 



CY7C 172-35DMB 

D14 

Military 


CY7C171-35LMB 

L64 




CY7C172-35LMB 

1 1)4 


45 

CY7C171-45PC 

P13 

Commerical 


45 

CY7C172-45PC 

P13 

Commerical 


CY7C171-45DC 

D14 




CY7C172-45DC 

D14 



CY7C171-45LC 

L64 




CY7C172-45LC 

L64 



CY7C171-45VC 

V13 




CY7C172-45VC 

V13 



CY7C171-45DMB 

D14 

Military 



CY7C172-45DMB 

D14 

Military 


CY7C171-45LMB 

L64 




CY7C172-45LMB 

L64 



MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 


Parameters 

Subgroups 

V OH 

1,2,3 

Vql 

1,2,3 

V ih 

1,2,3 

Vil Max. 

1,2,3 

Iix 

1,2,3 

loz 

1,2,3 

Icc 

1,2,3 

IsBl 

1,2,3 

IsB2 

1, 2,3 


Document#: 38-00036-E 


Switching Characteristics 


Parameters 

Subgroups 

READ CYCLE 

Irc 

7, 8, 9, 10, 11 

tAA 

7, 8, 9, 10, 11 

toHA 

7, 8, 9, 10, 11 

Iace 

7, 8, 9, 10, 11 

Ircs 

7, 8, 9, 10, 11 

Irch 

7, 8, 9, 10, 11 

WRITE CYCLE 

twc 

7, 8, 9, 10, 11 

tsCE 

7, 8, 9, 10, 11 

tAW 

7, 8, 9, 10, 11 

tHA 

7, 8, 9, 10, 11 

tsA 

7, 8, 9, 10, 11 

tpWE 

7, 8, 9, 10, 11 

tsD 

7, 8, 9, 10, 11 

Ihd 

7, 8, 9, 10, 11 

tAWE* 131 

7, 8, 9, 10, 11 

tADV* U * 

7, 8, 9, 10, 11 


Note: 

13. 7C171 only. 
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Features 

• Automatic power-down when 
deselected 

• CMOS for optimum speed/power 

• High speed 

- 15 ns t aa 

• Transparent write (7C171A) 

• Low active power 

- 375 mW 

• Low standby power 

- 93 mW 

• TTL-compatible inputs and outputs 

• Capable of withstanding greater than 
2001V electrostatic discharge 


Functional Description 

The CY7C171A and CY7C172A are high- 
performance CMOS static RAMs orga- 
nized as 4096 by 4 bits with separate I/O. 
Easy memory expansion is provided by an 
active LOW chip enable (CE) and three- 
state drivers. They have an automatic pow- 
er-down feature, reducing the power con- 
sumption by 77% when deselected. 

Writing to the device is accomplished when 
the c hip enable (CE) and write enable 
(WE) inputs are both LOW. Data on the 
four input/output pins (Io through I 3 ) is 
written into the memory location specified 
on the address pins (Ao through An). 


Reading the device is accomplished by taking 
chip enable (CE) LOW, while write enable 
(WE) remains HIGH. Under these condi- 
tions the contents of the memory location 
specified on the address pins will appear on 
the four data output pins. 

The output pins remain in a high- impedance 
state when write enable (WE) is LOW 
(7C1 72A only), or chip enable is HIGH, or 
(OE) is HIGH. 

A die coat is used to insure alpha immunity. 


Logic Block Diagram 


Pin Configurations 



lo 

I, 

I2 

Is 


Oo 

O, 

0 2 

o 3 


CE 


WE 


C171A-1 


DIP/SOJ 
Top View 



C171A-2 


LCC 
Top View 


A, 

Ao 

10 

NC 
NC 

11 

Oo 

"IBilgcS’tfer 

° C171A-3 



Selection Guide 



Maximum Access Time (ns) 

Maximum Operating 
Current (mA) 

Commercial 

Military 


7C171A-15 

7C172A-15 

15 

H5 


7C171A-20 

7C172A-20 

7C171A-25 

7C172A-25 

7C171A-35 

7C172A-35 

7C171A-45 

7C172A-45 

20 

25 

35 

45 

80 

70 

70 

50 

90 

80 

70 

70 


































~ 1 CTFRESS 

SEMKX*TOUCTOR — - ===== 

Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 

Storage Temperature -65°Cto + 150° °C Static Discharge Voltage 

Ambient Temperature with MIL45TD-883, Method 3015) 

Power Applied -55°Cto+ 125 °C Latch-Up Current 

Supply Voltage to Ground Potential - 0.5V to + 7.0V operating Range 

DC Voltage Applied to Outputs 

in High Z State - 0.5V to + 7.0V Ambler 

DC Input Voltage - 3.0V to + 7.0V 1 ™ *™' 

Output Current into Outputs (Low) 20 mA Commercial °° Ct0 + ' 


CY7C171A 

CY7C172A 


> 2001V 
>200 mA 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70 °C 

5V ± 10% 

Military 1 * 1 

- 55 °C to + 125 °C 

5V ± 10% 


Electrical Characteristics Over the Operating Ranged 


7C171A-15 

7C172A-15 


7C171A-20 

7C172A-20 


7C171A-25 

7C172A-25 


Parameters 


V OH 


V OL 


V , H 


Test Conditions 


Vcc — Min., Iqh — — 4.0 mA 


cc — Min., Iql — 8.0 mA 


GND <.V,j< V cc 


GND <_ Vo<. V CC i 
Output Disabled 


Vcc = Max., 
Vqut = GND 


V C c = Max. 
Iout 0 mA 


Max . Vcc, 

CE _> V 1H - 0.3V, 
V IN ^ V cc -0.3V or 
V IN < 0.3V 


Notes: 

1. Ta is the ’’instant on” case temperature. 

2. See the last page of this specification for Group A subgroup testing 
information. 



Description 


Output HIGH Voltage 


Output LOW Voltage 


Input HIGH Voltage 


Input LOW Voltage 


Input Load Current 


Output Leakage 
Current 


Output Short 
Circuit Current! 31 


V C c Operating Supply 
Current 


Automatic CE 
Power-Down Current 



Max. 

Min. 

Max. 

Min. 

Max. 

| Units 


2.4 


2.4 


m 

0.4 


0.4 


0.4 

i v 

MM 

2.2 

Vcc 

2.2 

Vcc 

mm 


-3.0 


-3.0 

0.8 

wm 

+ 10 

-10 

+ 10 

-10 

+ 10 

pA 

+ 10 

O 

H 

l 

+ 10 

-10 

+ 10 

pA 

-350 


-350 


-350 

mA 

115 


80 


70 

mA 



90 


80 

mA 

40 


40 


20 

mA 



40 


20 


20 


20 


20 

mA 



20 


20 



3. Not more than 1 output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 

4. Tested initially and after any design or process changes that may affect 
these parameters 
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CY7C171A 

CY7C172A 


Electrical Characteristics Over the Operating Range 121 (continued) 



7C171A-35 

7C172A-35 


Description 


Output HIGH Voltage 


Output LOW Voltage 


Input HIGH Voltage 


Input LOW Voltage 


Input Load Current 


Output Leakage 
Current 


Output Short 
Circuit Current 131 


Vcc Operating Supply 
Current 


Automatic CE 
Power-Down Current 


Test Conditions 


cc = Min., Iqh = - 4.0 mA 


GND <. Vi <. V cc 


GND <.Vo^V cc , 
Output Disabled 


V cc = Max., 
Vqut = GND 


V C c = Max. 
lour = 0 mA 


Ma x. Vcc, 

CE >_ V, H - 0.3V 
V, N ^ V cc -0.3V 
or V, N <. 0.3V 




Capacitance 141 


Parameters 

Description 

Test Conditions 

Max. 

Units 

ClN 

Input Capacitance 

T a = 25 °C, f = 1 MHz, 

5 

pF 

CoUT 

Output Capacitance 

Vcc - 5.0V 

7 

pF 


AC Test Loads and Waveforms 

R1481Xt R1481X1 



(a) (b) C171A-4 C171A-5 

Equivalent to: THEVENIN EQUIVALENT 

167X1 

OUTPUT O W» O 1.73V 
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CY7C171A 

CY7C172A 



Switching Characteristics Over the Operating Range 12 - S] 


Parameters 

Description 

7C171A-15 

7C172A-15 

7C171A-20 

7C172A-20 

7C171A-25 

7CI72A-25 

7C171A-35 

7C172A-35 

7C171A-45 

7C172A-45 

Units 






Min. 


1223 


| READ CYCLE 

Irc 

Read Cycle Time 

15 


20 


25 


35 


mm 


ns 

Iaa 

Address to Data Valid 


15 


20 


25 


35 


45 

ns 

toHA 

Output Hold from 

Address Change 

5 


5 


5 


5 


5 


ns 

tACE 

CE LOW to Data Valid 


15 


20 


25 


35 


45 

ns 

Ilzce 

m, masmmm 

5 


5 


5 


5 


5 


ns 

tHZCE 

OE HIGH to HIGH Zl 6 - 7 1 


8 


8 


10 


15 


15 

ns 

tpu 

CE LOW to Power Up 

0 


0 




0 


9 


ns 

tpD 

CE HIGH to Power Down 


15 


9 


20 


20 


25 

ns 

tRCS 

Read Command Set-up 

0 


0 


0 






ns 

tRCH 

Read Command Hold 

0 


0 


0 


0 


0 


ns 

WRITE CYCLE! 8 ! [ 

twc 

Write Cycle Time 

15 


20 


20 


25 


El 


ns | 

tsCE 

CE LOW to Write End 

12 


15 


20 


25 





tAW 

Address Set-Up to Write End 

12 


15 


20 


25 


El 


ns 

tHA 

Address Hold from Write End 

0 


mm 


0 


9JH 




ns 

tsA 

Address Set-Up to Write Start 

0 


0 


0 


0 




ns 

tpWE 

WE Pulse Width 

12 


15 


15 


20 


20 


ns 

tsD 

Data Set-Up to Write End 

10 


10 


10 


15 


15 


ns 

tHD 

Data Hold from Write End 

0 


0 


9H 


0 


0 


ns 

tLZWE 


5 


5 


5 


5 


5 


ns 

tHZWE 



7 


7 


7 


10 


15 

ns 

tAWE 

WE LOW to Data Valid (7C171A) 


15 


20 


25 


30 


35 

ns 

Iadv 

Data Valid to Output Valid 
(7C171A) 


15 


20 


25 


30 


35 

ns 


Notes: 

5. Tfest conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5V, input pulse levels of 0 to 3.0V and output 
loading of the specified Ioi/Ioh and 30-pF load capacitance. 

6. At any given temperature and voltage condition, t H z is less than t[,z 
for any given device. 

7. Ihzce and tnzwE are tested with Cl = 5pF as in part (b) of AC Test 
Loads. Transition is measured ± 500 mV from steady state voltage. 

8. The inter nal w rite time of the memory is defined by the overlap of CE 
LOW and WE LOW. Both signals must be LOW to initiate a write and 

Switching Waveforms 


either signal can terminate a write by going HIGH. The data input set- 
up and hold timing should be referencd to the rising edge of the signal 
that terminates the write. 

9. WE is HIGH for read cycle. 

10. Device is continuously selected, CE = Vjl- 

11. Address valid prior to or coincident with CE transition LOW. 

12. If CE goes HIGH simultaneously with WE HIGH, the output remains 
in a high-impedance state (7C172A). 
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CY7C171A 

CY7C172A 



Switching Waveforms 
Read Cycle No. 2' 9 - “1 



Write Cycle No. 2 (CE Controlled)' 8 - 12 ' 


ADDRESS ^ 

«• »wc ► 

( > 

< 


m t S A ■» 




Ce . 

S 

^ 7 

/ 




sssssssssssssg 

SHHHHmHHHE 1 

mmsmtm 




*- Vid 

DATA OUT 

I7C172A> 


DATA-IN VALID ) ( 



|tHZWE J HIGH IMPEDANCE 


DATA UNDEFINED 

? 




H" l AWt — • 

• 

DATA OUT N 

(7C171A) DATA UNDEFINED ; 

)( DATA VALID 


C171A-9 
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CY7C171A 

CY7C172A 



Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

15 

CY7C171A-15PC 

P13 

Commercial 


15 

CY7C172A-15PC 

P13 

Commercial 


CY7C171A-15DC 

D14 




CY7C172A-15DC 

D14 



CY7C171A-15LC 

L64 




CY7C 172A-15LC 

L64 



CY7C171A-15VC 

V13 




CY7C172A-15VC 

V13 


20 

CY7C171A-20PC 

P13 

Commercial 


20 

CY7C172A-20PC 

P13 

Commercial 


CY7C171A-20DC 

D14 




CY7C 172A-20DC 

D14 



CY7C 17 1A-20LC 

L64 




C Y7C 172A-20LC 

L64 



CY7C171A-20VC 

V13 




CY7C172A-20VC 

V13 



CY7C 17 1A-DMB 

D14 

Military 



CY7C 172A-20DMB 

D14 

Military 


CY7C171A-LMB 

L64 




C Y7C 172A-20LMB 

L64 



CY7C171A-KMB 

K73 




C Y7C 172A-20KMB 

K73 


25 

CY7C171A-25PC 

P13 

Commercial 


25 

CY7C 172A-25PC 

P13 

Commercial 


CY7C171A-25DC 

D14 




CY7C 172A-25DC 

D14 



CY7C 17 1A-25LC 

L64 




CY7C172A-25LC 

L64 



CY7C171A-25CC 

V13 




CY7C172A-25VC 

V13 



CY7C 17 1 A-25DMB 

D14 

Military 



CY7C 172A-25DMB 

D14 

Military 


CY7C171A-25LMB 

L64 




CY7C172A-25LMB 

L64 



CY7C171A-25KMB 

K73 




C Y7C 172A-25KMB 

K73 


35 

CY7C171A-35PC 

P13 

Commercial 


35 

CY7C172A-35PC 

P13 

Commercial 


CY7C171A-35DC 

D14 




CY7C172A-35DC 

D14 



CY7C171A-35LC 

L64 




C Y7C 172A-35LC 

L64 



CY7C171A-35VC 

V13 




CY7C 172A-35 VC 

V13 



CY7C 17 1 A-35DMB 

D14 

Military 



CY7C172A-35DMB 

D14 

Military 


CY7C171A-35LMB 

L64 




C Y7C 172A-35LMB 

L64 



CY7C171A-35KMB 

K73 




CY7C172A-35KMB 

K73 


45 

CY7C171A-45PC 

P13 

Commercial 


45 

CY7C172A-45PC 

P13 

Commercial 


CY7C171A-45DC 

D14 




CY7C172A-45DC 

D14 



CY7C 17 1A-45LC 

L64 




CY7C172A-45LC 

L64 



CY7C171A-45VC 

V13 




CY7C172A-45VC 

V13 



CY7C 17 1A-45DMB 

D14 

Military 



CY7C172A-45DMB 

D14 

Military 


CY7C171A-45LMB 

L64 




CY7C172A-45LMB 

L64 



C Y7C 17 1A-45KMB 

K73 




CY7C172A-45KMB 

K73 
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CY7C171A 

CY7C172A 


^llPiirCYFRESS 

SEM1CONDUCTCR 7 

MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 

Subgroups 

V OH 

1,2,3 

Vql 

1,2,3 

V , H 

1,2,3 

V 1L Max. 

1,2,3 

Iix 

1,2,3 

loz 

1,2,3 

los 

1,2,3 

Icc 

1, 2,3 

IsBl 

1,2,3 

IsBl 

1,2,3 


Switching Characteristics 


Parameters 

Subgroups 

READ CYCLE 

Irc 

7, 8, 9, 10, 11 

Iaa 

7, 8, 9, 10, 11 

to HA 

7, 8, 9, 10, 11 

tACE 

7, 8, 9, 10, 11 

tRCS 

7, 8, 9, 10, 11 

tRCH 

7, 8, 9, 10, 11 

WRITE CYCLE 

twc 

7, 8, 9, 10, 11 

tsCE 

7, 8, 9, 10, 11 

tAW 

7, 8, 9, 10, 11 

tHA 

7, 8, 9, 10, 11 

tsA 

7, 8, 9, 10, 11 

tpwE 

7, 8, 9, 10, 11 

tsD 

7, 8, 9, 10, 11 

tHD 

7, 8, 9, 10, 11 

tAWE^ 13 * 

7, 8, 9, 10, 11 

tADV ,U| 

7, 8, 9, 10, 11 


Note: 

13. 7C171A only. 
Document#: 38-00104-B 
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PRELIMINARY 


CY7C182 


CYPRESS 
SEMICONDUCTOR 


8,192 x 9 Static R/W RAM 


Functional Description 


Features 

• Fast access time 

— Commercial: 25/35/45/55 ns 
(max.) 

• Low power consumption 

— Active: 935 mW (max.) 

• Wide temperature range 
55 °C to + 125 °C 

• 300-mil-width package 

• TTL-compatible inputs and outputs 

• Asynchronous 

• Capable of withstanding greater than 
2001V electrostatic discharge 

• Single 5V supply 


The CY7C182 is a high-speed CMOS static 
RAM organized as 8,192 by 9 bits and it is 
manufactured using Cypress’s high-perfor- 
mance CMOS technology. Access times as 
fast as 25 ns are available with maximum 
power consumption of only 935 mW. 

The CY7C182, which is oriented toward 
cache memory applications, features fully 
static operation requiring no external 
clocks or timing strobes. The automatic 
power-down feature reduces the power 
consumption by 85% when the circuit is de- 
selected. Easy memory expansion is pro- 
vided by an active LOW chip enable (CEj), 
an active HIGH chip ena ble ( CE 2 ), an ac- 
tive LOW output enable (OE), and three- 
state drivers. 


An active LOW write enable signal (WE) 
controls the writing/read ing o peration of the 
memory. When CE t and WE inputs are both 
LOW, data on the nine data input/output 
pins (I/O 0 through I/Oy) is written into the 
memory location addressed by the address 
present on the address pins (Ao through A !2 ). 
Reading the device is accomplished by se- 
lecting the device and enabling the outputs, 
CEi a nd O E active LOW, CE 2 active HIGH, 
while (WE) remains inactive or HIGH. Un- 
der these conditions, the contents of the lo- 
cation addressed by the information on ad- 
dress pins is present on the nine data input/ 
output pins. 

The input/output pins remain in a high-im- 
pedance state unless the chip is select ed, o ut- 
puts are enabled, and write enable (WE) is 
HIGH. 

A die coat is used to insure alpha immunity. 


Logic Block Diagram 



Pin Configuration 


DIP 

Top View 



Selection Guide 



7C182-25 

7C 182-35 

7C182-45 

7C182-55 

Maximum Access Time (ns) 

25 

35 

45 

55 

Maximum Operating Current (mA) 

170 

170 

170 

170 

Maximum Standby Current (mA) 

25 

25 

25 

25 
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PRELIMINARY 


CY7C182 



Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature - 65 °C to + 150 °C 

Ambient Temperature with 

Power Applied - 55 °C to + 125 °C 

Supply Voltage to Ground Potential - 0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State - 0.5V to + 7.0V 

DC Input Voltage - 3.0V to +7.0V 

Output Current into Outputs (Low) 20 mA 


Static Discharge Voltage > 2001V 

(per MIL-STD-883, Method 3015.2) 

Latch-Up Current >200 m A 


Operating Range 


Range 

Ambient 

Temperature 

V C c 

Commercial ! 

0°C to + 70 °C 

5V ± 10% 


Electrical Characteristics Over the Operating Range 


Parameters 

Description 

Test Conditions 

7C182 

Units 

Min. 

Max. 

Voh 

Output HIGH Voltage 

Vcc Min., Ioh = ~ 4.0 mA. 

2.4 


V 

VoL 

Output LOW Voltage 

V C c Min., I OL = 8.0 mA 


0.4 

V 

VlH 

Input HIGH Voltage 


2.2 

UQ23I 

V 

V, L 

Input LOW Voltage 


-3.0 

0.8 

V 

I.x 

Input Load Current 

GND <_ Vin <. Vcc> GND < Vout < Vcc. 
Output Disabled 

-10 

+10 

pA 

loz 

Output Leakage Current 

Vcc = Max., Vout ” GND 

-10 

+10 

pA 

los 

Output Short Circuit Current 111 

Vcc = Max., Vqut ~ GND 


-300 

mA 

Icc 

Vcc Operating Supply Current 

Vcc Max., Output Current = 0 mA, 
f = Max., V IN = Vcc or GND 


170 

mA 

IsB 

Automatic Power-Down Current 

CEi _> Vih, CE 2 <_ Vil 


25 

mA 


Capacitance 121 


Parameters 

Description 

Test Conditions 

Max. 

Units 

CoUT 

Output Capacitance 


7 

pF 

ClN 

Input Capacitance 

5 

pF 


Note: 

1. Duration of the short circuit should not exceed 30 seconds. Not more 2. Tested initially and after any design or process changes that may affect 
than 1 output should be shorted at one time. these parameters. 


AC Test Loads and Waveforms 


5V O- 


R1481jn 


5V 


R1 4810, 


30 pF i 

INCLUDING 
JIG AND -=T 
SCOPE 

(a) 


R2 

255 n 


OUTPUT® - 


5 pF 

INCLUDING 
JIG AND 
SCOPE 


T 

I 


(b) 


R2 

255 a 


Cl 82-3 


ALL INPUT PULSES 


3.0V 

GND 


7T 



Cl 82-4 


Equivalent to: THEVENIN EQUIVALENT 

167 SI 

OUTPUT O - O 1 73V 
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PRELIMINARY 


CY7C182 



Switching Characteristics Over the Operating Range 


Parameters 

Description 

7C 182-25 

7C182-35 

7C182-45 

7C 182-55 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

tRC 

Read Cycle Time 

25 


35 


45 


55 


ns 

t/\A 

Address to Data Valid 


25 


35 


45 


55 

ns 

toHA 

Address Valid to Low Z 

3 


3 


3 


3 


ns 

tACEl 

CEi Access Time 


25 


35 


45 


55 

ns 

tACE2 

CE 2 Access Time 


25 


25 


45 


55 

ns 

tLZCEl 


5 


5 


5 


5 


ns 

tLZCE2 

CE 2 HIGH to Low Z 

5 


5 


5 


5 


ns 

tHZCEl 131 



20 


20 


25 


25 

ns 

tHZCE2 13 ' 

CE 2 LOW to High Z 


20 


20 


25 


25 


tpu 


0 


0 


0 


0 


ns 

tpD 

CEi HIGH to Power-Down 


20 


20 


25 


25 

ns 

Idoe 

OE Access Time 


20 


20 


20 


25 

ns 

tLZOE 


3 


3 


3 


3 


ns 

tHZOE 



20 


20 


25 


30 

ns 

WRITE CYCLED 

twc 

Write Cycle Time 

25 


35 


45 


50 


ns 

tsA 

Address Set-Up Time 

0 


0 


0 




ns 

tAW 

Address Valid to End of Write 

20 


30 


40 


50 


ns 

tsD 

Data Set-Up Time 

18 


20 


25 


30 


ns 

tsCEl 


20 


30 


40 


50 


ns 

tsCE2 

CE 2 HIGH to Write End 

20 


30 


40 


50 


ns 

ttlZWE^' 

Write LOW to High Zl 7 ! 


13 


15 


20 


25 

ns 

tpWE 

WE Pulse Width 

20 


25 


30 


35 


ns 

tHA 

Address Hold from End of Write 

5 


5 


5 


5 


ns 

tHD 

Data Hold Time 

0 


0 


0 


0 


ns 

tLZWE 

Write HIGH to Low Z 

3 


3 


3 


3 


ns 


6. WE is HIGH for read cycle. 

7. Device is continuously selected. OE, CEi = Vil. CE 2 = Vm. 

8. Address valid prior to or coincident with CE transition LOW and CE 2 
transition HIGH. 

9. If CEi goes HIGH simultaneously with WE HIGH, the output re- 
mains in a high-impedance state. 


Notes: 

3. tnzcE and tHZWE are specified with Cl = 5 pH Transition is measured 
± 500 mV from steady state voltage. 

4. The internal write time of th e memory is defined by the overlap of CEj 
LOW, CE 2 HIGH, and WE LOW. Both signals must be LOW to initi- 
ate a write and either signal can terminate a write by going HIGH. The 
data input set-up and hold timing should be referenced to the rising 
edge of the signal that terminates the write. 

5. At any given temperature and voltage condition, tLzwE is less than 
fttzwE for any given device. These parameters are sampled and not 
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PRELIMINARY 


CY7C182 




Switching Waveforms 
Read Cycle No. I 16, 71 



* tflc *■ 


ADDRESS ^ 

( > 

< 


m tAA J 

H ^OHA *] 


i 


DATA OUT PREVIOUS DATA VALID ^ 

<xx> 

( DATA VALID 


Cl 82-5 


Read Cycle No. 2 1M1 


*RC 


ce 2 

m 






^ACEI 

*ACE2 


*DOE 


DATA OUT 


v cc 

SUPPLY 

CURRENT 


— t{_ZOE 
HIGH IMPEDANCE 


^LZCE 


tpU 


m 


A 


50% 


Jr 


DATA VALID 


X 


VlZOE 


VlZCE “H 


HIGH 

IMPEDANCE 


*PD 


ICC 


50% 


Write Cycle No. 1 (WE Controlled) 141 


ADDRESS y 

« t W Q ** 

r 

< 



« tscE1 a 

1 1 


CSi 


tsCE2 


mmm 




i i 


cs ’l 



g^SSSS 

s^sssssssa 


* Uw 

t SA H i 

■* We w 

p— w -H 


m 

s ^ 

*SD *“ 

/ 

* * ^HD 

DATA IN 

DATA-IN VALID 

>f “ 


* VlZWE »l 

* tLzwE — ►! 




HIGH IMPEDANCE 


< 


DATA I/O 


DATA UNDEFINED 
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CY7C182 


CYPRESS 

SEMOONDUCrC* 


Switching Waveforms (continued) 
Write Cycle No. 2 (CE Controlled) 14 ' 91 



Truth Table 


@1 

E3 

u 


Data-In 

Data-Out 

Mode 

El 

B 

u 

B 

Z 

Z 

Deselect/Power-Down 

b 

El 

a 

El 

Z 

Valid 

Read 

D 

El 

b 

B 

Valid 

Z 

Write 

a 

El 

El 

B 

Z 

Z 

Output Disable 

b 

■9 

a 

B 

Z 

z 

Deselect 


Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

25 

CY7C182-25PC 

P21 

Commercial 

CY7C182-25VC 

V21 

CY7C 182-25DC 

D22 

35 

CY7C182-35PC 

P21 

Commercial 

CY7C 182-35 VC 

V21 

CY7C182-35DC 

D22 

45 

CY7C182-45PC 

P21 

Commercial 

CY7C182-45VC 

V21 

CY7C182-45DC 

D22 

55 

CY7C182-55PC 

P21 

Commercial 

CY7C182-55VC 

V21 

CY7C182-55DC 

D22 


Document#: 38-00110 
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tjs CYPRESS ; 

=■ SEMICONDUCTOR 


CY7C183 

PRELIMINARY^ CY7C184 

2 x 4096 x 16 Cache RAM 


Features 

• Pin-programmable into direct- 
mapped or two-way set associative 
format 

• CMOS for optimum speed/power 

• High speed 
— 25 ns 

• Common I/O 

• Internal address latch 

• TTL-compatible inputs and outputs 

• Capable of withstanding greater than 
2001V electrostatic discharge 

• Compatible with Intel 82385 Cache 
Controller 

Functional Description 

The CY7C183 and CY7C184 are high- 
performance monolithic CMOS static 
RAMs that contain 128 kbits organized 
into either two, two-way set associative 
blocks of 4K x 16 RAM, or one directly 
mapped 8K x 16-bit RAM. 


They are designed specifically for use with 
the Intel 82385 Cache Controller, and their 
addresses are latched onthe falling edge of 
the Address Latch Enable (ALE) signal. 
When ALE is HIGH, the latch is transpar- 
ent. The CY7C183 has all address bits 
latched byt he ALE signal except An, 
which is unlatched. An, which bypasses the 
latch, has a faster access time. All adress 
bits are latched by the ALE signal in the 
CY7C184. The mode pin controls whether 
they are configured as direct-mapped 8K x 
16 or two-way set associative 2 x 4K x 16 
RAMs. When mode is HIGH, the circuits 
are placed in the two-way mode. In the two- 
way mode, the upper address bit, A 12 is a 
“don’t care,” and is externally wired to 
ground. When mode is LOW, the circuits 
are placed in the direct mode. 

Writing is accomplished in the two-way 
mode by taking CE LO W a nd by inserting 
the respective CS X and WE* signals LOW. 
CSo enables bits_D 0 -D 7 while CS] enables 
bits D fi -D l5 . WE a enables cache bank A, 


and WE b enables cache bank B to receive 
whatever data resides on the data bus. OE A 
and OE b similarly nable cache banks A and 
B, respectively, to drive the data bus. 

Writing is acc ompl ished , in the direct mode, 
by tying WE A and WE B together externally, 
and using A 72 to determine which 4K x 16 
memory bank is selected. 

Reading is accomplished in the two-way 
mode by taking CE LOW, inserting the re- 
spective O Ey a nd CS X signals LOW and the 
respective WE* signal HIGH. The contents 
of the memory location specified on the ad- 
dress pins_will appear on the 16 outputs. Acti- 
vation of OE a and OE B simultaneously will 
cause both banks to be deselected. Reading 
is accomplished in the direct mode by tying 
OE a and OE B together externally. A 72 will 
determine which 4Kx 16 memory bank is en- 
abled. 
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Pin Diagrams 


LCC 
Top View 


CM CO CO CD 

< < < < < 




«o a t- *- 
< < < < 



Aij 

cE 

Vss 

1/0,5 

1 / 0,4 

1 / 0,3 

l/0, 2 

Vss 

I/O,, 

l/0,o 

l/0« 

I/Os 


PRELIMINARY 


CY7C183 

CY7C184 


< < < < < 


PLCC 
Top View 

*,8 3 


n. eo a> 

< < < < < 



Selection Guide 



7C 183-25 
7084-25 

7083- 35 

7084- 35 

7083- 45 

7084- 45 

Maximum Address Access Time (ns) 

Commercial 

25 

35 

45 

Military 

25 

35 

45 

Maximum Output Enable Access Time (ns) 

Commercial 

10 

14 

16 

Military 

125 

14 

16 

Maximum Operating Current (mA) 

Commercial 

220 

170 

140 

Military 


200 

160 


Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature - 65 °C to + 150 °C 

Ambient Temperature with 

Power Applied - 55 °C to + 125 °C 

Supply Voltage to Ground Potential - 0.5V to +7.0V 

DC Voltage Applied to Outputs 

in High Z State - 0.5V to +7.0V 

DC Input Voltage - 3.0V to + 7.0V 

Output Current into Outputs (Low) 20 mA 


Static Discharge Voltage > 2001V 

(per MIL-STD-883, Method 3015) 

Latch-Up Current >200 mA 


Operating Range 


Range 

Ambient 

Temperature 

v cc 

Commercial 

0°C to + 70 °C 

5V ± 10% 

Military 11 ! 

- 55 °C to + 125 °C 

5V ± 10% 
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CY7C184 



Electrical Characteristics Over the Operating Range 121 


Parameters 

Description 

Test Conditions 

7C183-25 

7C184-25 

7C 183-35 
7084-35 

7083- 45 

7084- 45 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

V OH 

Output HIGH Voltage 

V C c = Min., Ioh = - 4.0 mA 

ma 


ma 


2.4 


V 

VoL 

Output LOW Voltage 

V C c = Min., Iol = 8.0 mA 


0.4 


0.4 


0.4 

mm 

V IH 

Input HIGH Voltage 


2.2 


2.2 


2.2 

msm 

mm 

V, L 

Input LOW Voltage 


-3.0 

0.8 

-3.0 

0.8 

-3.0 

0.8 

mm 

Iix 

Input Load Current 

GND <_ V, <_ V cc 

-10 

+ 10 

-10 

+ 10 

-10 

+ 10 

M-A 

loz 

Output Leakage 
Current 

GND _<_ Vi_<_ V cc , 

Output Disabled 

-10 

+ 10 

-10 

+ 10 

-10 

+ 10 

pA 

los 

Output Short 

Circuit Current 131 

Vcc ~ Max., Vqut ~ GND 


-350 


-350 


-350 

mA 

Icc 

V C c Operating Supply 
Current 

V cc = Max. 

Iout : 0 mA 

Read Cycle 141 

Duty Cycle = 45% 

Com’l 


220 

■ 

170 

| 

140 

mA 

Mil 




200 


160 


Capacitance 151 


Parameters 

Description 

| Test Conditions 

Max. 

Units 

Cin 

Input Capacitance 

1 

I 

5 

pF 

CoUT 

Output Capacitance 

7 

pF 


AC Test Loads and Waveforms 

ri 1000 x 1 


R1 1000 XI 


100 PF : 


OUTPUT 


Equivalent to: 


R2 

, . 667XX 

INCLUDING 
JIG AND 
SCOPE 

(a) 

THEVENIN EQUIVALENT 
400X1 

OUTPUT ° <VW O 2.00V 


5pF =±= 


INCLUDING 
JIG AND 
SCOPE 


(b) 


R2 

667.fl 


ALL INPUT PULSES 



Cl 83-6 


Notes: 

1. Ta is the “instant on” case temperature. 

2. See the last page of this specification for Group A subgroup testing 
information. 

3. Not more than 1 output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 

4. At a given duty cycle, Write Cycle Icc is equal to 1.4 times Read Cycle 
Icc- 


5. Tested initially and after any design or process changes that may affect 
these parameters. 

6 . Test conditions assume signal transition time of 5 ns or less, timing ref- 
erence levels of 1.5 V, input pulse levels of 0 to 3.0V, and output load- 
ing of the specified IqlToh and 30-pF load capacitance. 
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TP SEM3CONDUCTC* 


Switching Characteristics Over the Operating Range 12 - 61 


Parameters 

Description 

READ CYCLE' 7 ' 

'rc 

Read Cycle Time 

'aa 

Address to Data Valid 

W A12' 81 

Address to Data Valid An 

tcE 

Chip Enable to Data Valid 

tcs 

Chip Select to Data Valid 

toE 

Output Enable to Data Valid 

toHA 

Output Hold from Address Change 

toHL 

Output Hold from ALE HIGH 

tLZCE 

Chip Enable to Low Z 

tLZOE 

Output Enable to Low Z 

tHZCE 

Chip Enable to High Z 

Ihzoe 

Output Enable to High Z 

tpALE 

ALE Pulse Width 

tsALE 

Address Set-Up to ALE Low 

tHALE 

Address Hold to ALE Low 


WRITE CYCLE 19 ' 


7C183-25 

7C184-25 


PRELIMINARY 


7C183-35 

7C184-35 


CY7C183 

CY7C184 


twc 

Write Cycle Time 

t A w 

Address Set-Up to Write End 

tscE 

Chip Enable to Write End 

tscs 

Chip Select to Write End 

tsD 

Data Set-Up to Write End 

tHD 

Data Hold from Write End 

tpwE 

Write Enable Pulse Width 

tsA 

Address Set-Up to Write Enable 

tHA 

Address Hold from Write Enable 

'lzwe 

Write Enable HIGH to Low Z 

'hzwe 

WE LOW to High Z 

tpALE 

ALE Pulse Width 

'sale 

Address Set-Up to ALE Low 

'hale 

Address Hold to ALE Low 


7C183-45 

7C184-45 



7. Both WE a and WEb must be HIGH for read cycle. 

8. CY7C183 only. 

9. The inte rnal w rite time of the memory is defined by the overlap of CE, 
CS X , and WE*. All signals must be LOW to initiate a write and any sig- 
nal can terminate a write by going HIGH. The data input set-up and 
hold timing should be referenced to the rising edge of the signal that 
terminates the write. 


10. Device is continuously selected, CE and CS are LOW. 

11. Address valid prior to or coincident with CE transition LOW. 

12. WE is HIGH for read cycle. 

13. OE is deselected (HIGH). 
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CY7C184 


Switching Waveforms 




Cl 83-8 
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CY7C183 

CY7C184 



Switching Waveforms (continued) 

Write Cycle No. 1 (ALE = CLOCK, WE Controlled) [13] 



Write Cycle No. 2 (ALE = CLOCK, CE/CS Controlled) [131 



Write Cycle No. 3 (ALE = HIGH, CE/CS Controlled) l 13 ' 



L8 






CYPRESS 

SEMICONDUCTOR 


PRELIMINARY 


CY7C183 

CY7C184 


Truth Tables 

Two-Way Mode ( Mode = HIGH) 


CE 

CS 0 

CS, 

■ns 

OEb 

we a 

WE„ 

Operation 

H 

X 

X 

X 

X 

X 

X 

Outputs High Z, Write Disabled 

L 

H 

H 

X 

X 

X 

X 

Outputs High Z, Write Disabled 

X 

X 

X 

H 

H 

X 

X 

Outputs High Z 

X 

X 

X 

L 

L 

X 

X 

Outputs High Z 

L 

L 

H 

L 

H 

H 

H 

Read I/O 0 -I/O 7 

Way A 

L 

L 

H 

H 

L 

H 

H 

Read I/O 0 -I/O 7 

Way B 

L 

H 

L 

L 

H 

H 

H 

Read I/0 8 -I/0 15 

Way A 

L 

H 

L 

H 

L 

H 

H 

Read I/0 8 -I/0 15 

Way B 

L 

L 

L 

L 

H 

H 

H 

Read I/O 0 -I/Oi 5 

Way A 

L 

L 

L 

H 

L 

H 

H 

Read I/O 0 -I/O 15 

Way B 

L 

L 

H 

X 

X 

L 

H 

Write I/O 0 -I/O 7 

Way A 

L 

L 

H 

X 

X 

H 

L 

Write I/O 0 -I/O 7 

Way B 

L 

H 

L 

X 

X 

L 

H 

Write I/0 8 -I/0 15 

Way A 

L 

H 

L 

X 

X 

H 

L 

Write I/0 8 -I/0 15 

Way B 

L 

L 

L 

X 

X 

L 

H 

Write I/O 0 -I/O,s 

Way A 

L 

L 

L 

X 

X 

H 

L 

Write I/O 0 -I/O ,5 

Way B 

L 

L 

H 

X 

X 

L 

L 

Write I/O 0 -I/O 7 

Way A & B 

L 

H 

L 

X 

X 

L 

L 

Write I/0 8 -I/0 15 

Way A & B 

L 

L 

L 

X 

X 

L 

L 

Write I/O20. I/o 15 

Way A & B 


Direct Mode ( Mode = LOW) 


CE 

CSo 

CSj 

BUS 

— 

we a 

WE b 

Operation 

H 

X 

X 

X 

X 

X 

X 

Outputs High Z, Write Disabled 

MBM 

H 

H 

X 

X 

X 

X 

Outputs High Z, Write Disabled 


X 

X 

H 

H 

X 

X 

Outputs High Z 


L 

H 

L 

L 

H 

H 

Read I/O 0 -I/O 7 


H 

L 

L 

L 

H 

H 

Read I/O s -I/0 15 

■ 

L 

L 

L 

L 

H 

H 

Read I/O 0 -I/O 15 


L 

H 

X 

X 

L 

L 

Read I/O 0 -I/O 7 


H 

L 

X 

X 

L 

L 

Read I/0 8 -I/0u 

L 

L 

L 

X 

X 

L 

L 

Read I/O 0 -I/Oi 5 
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CY7C183 

PRELIMINARY CY7C184 


Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

25 

CY7C183-25JC 

J69 

Commercial 

35 

CY7C 183-35 JC 

J69 

Commercial 


CY7C 183-35LMB 

L68 

Military 

45 

CY7C183-45JC 

J69 

Commercial 


CY7C183-45LMB 

L68 

Military 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

25 

CY7C184-25JC 

J69 

Commercial 

35 

CY7C184-35JC 

J69 

Commercial 


C Y7C 184-35LMB 

L68 

Military 

45 

CY7C184-45JC 

J69 

Commercial 


CY7C 184-45LMB 

L68 

Military 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 


Parameters 

Subgroups 

V OH 

1, 2,3 

Vql 

1,2,3 

V IH 

1,2,3 

V, L Max. 

1,2,3 

Iix 

1,2,3 

loz 

1,2,3 

los 

1,2,3 

Icc 

1,2,3 


Switching Characteristics 


Parameters 

Subgroups 

READ CYCLE 

Irc 

7, 8, 9, 10, 11 

tAA 

7, 8, 9, 10, 11 

toHA 

7, 8, 9, 10, 11 

tACE 

7, 8, 9, 10, 11 

l DOE 

7, 8, 9, 10, 11 

WRITE CYCLE 

twc 

7, 8, 9, 10, 11 

tsCE 

7, 8, 9, 10, 11 

tAW 

7, 8, 9, 10, 11 

tHA 

7, 8, 9, 10, 11 

tsA 

7, 8, 9, 10, 11 

tpWE 

7, 8, 9, 10, 11 

tsD 

7, 8, 9, 10, 11 

tHD 

7, 8, 9, 10, 11 


Document#: 38-00090-A 
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CY7B185 

CY7B186 


CYPRESS 

SEMICONDUCTOR 


8,192 x 8 Static RAM 


Features 

• BiCMOS for optimum speed/power 

• High speed 
— 12 ns 

• Low active power 

— 600 mW 

• Low standby power 

- 200 mW 

• TTLrCompatible inputs and outputs 

• Capable of withstanding greater than 
2001V electrostatic discharge 


Functional Description 

The CY7B185 and CY7B186 are high-per- 
formance BiCMOS static RAMs orga- 
nized as 8,192 words by 8 bits. These 
RAMs are developed by Aspen Semicon- 
ductor Corporation, a subsidiary of Cy- 
press Semiconductor. Easy memory ex- 
pansion is provided by an active LOW chip 
enable (CEi), an active HIGH chip enable 
(CE 2 ), and active LOW output enable 
(OE) and three-state drivers. Both devices 
have a power-down feature (CEi) that re- 
duces the power consumption by 67% 
when deselected. The CY7B185 is in the 
space saving 300-mil-wide DIP package 
and leadless chip carrier. The CY7B186 is 
in the standard 600-mil-wide package. 


An active LOW write enable signal (WE) 
controls the writing/reading o pera tion of 
the memory. When CEi and WE inputs 
are both LOW, data on the eight data in- 
put/output pins (I/Oo through I/O7) is writ- 
ten into the memory location addressed by 
(Ao through An). Reading the device is ac- 
complished by selecting the device and en- 
abling the outputs, CEj and O E ac tive 
LOW, CE 2 active HIGH, while WE re- 
mains HIGH. Under these conditions, the 
contents of the location addressed by the 
information on the address pins is present 
on the eight data input/output pins. 

The input/output pins remain in a high- 
impedance state unless the chip is selected, 
outpu ts are enabled, and write enable 
(WE) is HIGH. 




B185-2 


B185-3 


Selection Guide 


Maximum Access Time (ns) 

Maximum Operating 

Current (mA) 

Commercial 

Military 

Maximum Standby 

Commercial 

Current (mA) 

Military 
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wM CYPRESS 
■ F SEMKXDNDUCTOR 


PRELIMINARY 


CY7B185 

CY7B186 


Maximum Rating 

(Above which the useful life may be impaired. Exposure to absolute maximum rated conditions for extended periods may affect device 
reliability. For user guidelines, not tested.) 


Storage Temperature - 65 °C to + 150 °C 

Ambient Temperature with 

Power Applied - 55 °C to + 125 °C 

Supply Voltage to Ground Potential - 0.5V to + 7.0V 


Static Discharge Voltage > 2001V 

(Per MIUSTD-883 Method 3015) 

Latch-Up Current > 200 mA 


DC Voltage Applied to Outputs 

in High Z State - 0.5V to + 7.0V 

Input Voltage 111 - 3.0V to + 7.0V 

Output Current into Outputs (Low) 20 mA 


Operating Range 

Range 
Commercial 
Military [2) 


Electrical Characteristics Over the Operating Range 131 


Parameters 

Description 

V OH 

Output HIGH Voltage 

V OL 

Output LOW Voltage 

VlH 

Input HIGH Level 

V, L 

Input LOW Voltage [1 ' 

Ik 

Input Load Current 

loz 

Output Leakage 

Current 

Icc 

Vcc Operating 

Supply Current 

IsB 

CEi Power-Down 
Current 


Test Conditions 


cc — Min., Iql — 8.0 mA 


GND <. Vi <. V cc 


GND <.V, <.V CC , 

Output Disabled 


Vcc — Max., Iout - 0 mA 
f = f max. 


CE x ^V ih 


Capacitance 141 


Parameters 

Description 

CiN 

Input Capacitance 

CoUT 

Output Capacitance 


Test Conditions 


T a = 25 °C, f = 1 MHz 
V cc = 5.0V 


Ambient 

Temperature 

0°C to + 70 °C 

- 55 °C to + 125 °C 


Vcc 

5V ± 10% 
5V ± 10% 


7B185-12 

7B185-15 

7B186-12 

7B186-15 


Ioh = - 4.0 mA 

Com’l 

Ioh = - 2.0 mA 

Mil 





2.2 V cc 


2.2 


-0.5 0.8 -0.5 0.8 


- 10 + 10 - 10+10 


-10 +10 | -10 I +10 


140 




1. Vjl (min.) = - 3.0V for pulse width < 20 ns. 

2. T a is the “instant on” case temperature. 


4. Tested initially and after any design or process changes that may affect 
these parameters. 


3. See the last page of this specification for Group A subgroup testing 5. For all packages except CERDIP (D16, D22), which has maximums 


of Cjfsj = 8 pF, Cqut = 9 pF. 


AC Test Loads and Waveforms 

R148m 



INCLUDING 
JIG AND 
SCOPE 


INCLUDING 
JIG AND _ 
SCOPE ” 


ALL INPUT PULSES 


10% -if 

’ 90% 

.£.3 ns -*4 



Equivalent to: 


THEVENIN EQUIVALENT 
i87n 

OUTPUT O V* 
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PRELIMINARY 


CY7B185 

CY7B186 


_ '£ CYPRESS 
• - SEMICONDUCTOR 


Switching Characteristics Over the Operating Range (3 ' 61 


Parameters 

Description 

7B185-12 

7B186-12 

7B185-15 

7B186-15 

Units 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

tRC 

Read Cycle Time 

12 


15 


ns 

tAA 

Address to Data Valid 


12 


15 

ns 

toHA 

Data Hold from Address Change 

3 


3 


ns 

Iacei 

CE t LOW to Data Valid 


12 


15 

ns 

!ace2 

CE 2 HIGH to Data Valid 


12 


15 

ns 

Idoe 

OE LOW to Data Valid 


8 


10 

ns 

tLZOE 

OE LOW to Low Z 

2 


3 


ns 

tHZOE 

OE HIGH to High Z ™ 


8 


8 

ns 

tLZCEl 

CEi LOW to Low Z 1*1 

3 


3 


ns 

!lzce2 

CE 2 HIGH to Low Z M 

3 


3 


ns 

tHZCE 

CEi HIGH to High Z l 6 ' 7 1 

CE 2 LOW to High Z 


7 


8 

ns 

WRITE CYCLE! 9 ! 

twc 

Write Cycle Time 

12 


15 


ns 

tsCEl 

CEj LOW to Write End 

8 


10 


ns 

tsCE2 

CE 2 HIGH to Write End 

8 


10 


ns 

tAW 

Address Set-Up to Write End 

8 


10 


ns 

tHA 

Address Hold from Write End 

0 


0 


ns 

tsA 

Address Set-Up to Write Start 

0 


0 


ns 

tpWE 

WE Pulse Width 

8 


10 


ns 

tsD 

Data Set-Up to Write End 

6.5 


8 


ns 

tHD 

Data Hold from Write End 

0 


0 


ns 

ttlZWE 

WE LOW to High Zl 6 l 


7 


7 

ns 

tLZWE 

WE HIGH to Low Z 

3 


3 


ns 


Notes: 

6. Test conditions assume signal transition times of 3 ns or less, timing 
reference levels of 1.5V, input pulse levels of 0 to 3.0V and output 
loading of the specified Iol/Ioh. and Cl = 20 pF. 

7- tnzoE. tuzcEi and tnzwE are specified with Cl = 5 pF as in part (b) 
of AC Test Loads. Transition is measured ± 200 mV from steady-state 
voltage. 


8. At any given temperature and voltage condition, tnzcE is less than 
ttzcE f° r any given device. 

9. The internal write time of th e memory is defined by the overlap of CEj 
LOW, CE 2 HIGH, and WE LOW. The data input set-up and hold tim- 
ing should be referenced to the rising edge of the signal that terminates 
the write. All three signals must be active to initiate a write, and either 
signal can terminate a write by going inactive. 
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PRELIMINARY 


CY7B185 

CY7B186 



Switching Waveforms 



B185-6 



Notes: 

10. Device is continuously selected. OE, CEj = V [L . CE 2 = V IH . 13. Data I/O is HIGH impedance if OE = Vjh- 

11. Address valid prior to or coincident with CE transition LOW. 14. If CE goes HIGH simultaneously with WE HIGH, the output remains 

12. WE is HIGH for read cycle. in a high-impedance state. 
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CYPRESS 

SEMICONDUCTOR 


PRELIMINARY 


CY7B185 

CY7B186 


Switching Waveforms (continued) 
Write Cycle No. 2 (CE Controlled) '*• 12> 14 i 



*wc ► 


ADDRESS 

C > 

< 



1 * j 





.j 

l SCE1 

/ 

l S 

* l SCE2 * 

\ 


k SA ^ 

? 


H w | 

, * 

* <HA « 






tsD * 

k- Ihd 


DATA IN 

DATA-IN VALID ) 

C” 


"* <H2WE -*| 




TVuth Table 


CE, 

ce 2 

WE 

OE 

Inputs/Outputs 

Mode 

H 

X 

X 

X 

High Z 

Deselect/Power- 

Down 

L 

L 

X 

X 

High Z 

Deselect 

L 

H 

H 

L 

Data Out 

Read 

L 

H 

L 

X 

Data In 

Write 

L 

H 

H 

H 

High Z 

Deselect 


Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

12 

CY7B185-12PC 

P21 

Commercial 

CY7B185-12VC 

V21 

CY7B185-12DC 

D22 

15 

CY7B185-15PC 

P21 

Commercial 

CY7B185-15VC 

V21 

CY7B185-15DC 

D22 

CY7B185-15DMB 

D22 

Military 

C Y7B 185- 15LMB 

L54 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

12 

CY7B186-12PC 

P15 

Commercial 

15 

CY7B186-15PC 

P15 

Commercial 

CY7B186-15DMB 

D16 

Military 


Document#: 38-A-00016-A 
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Features 

• Automatic power-down when 
deselected 

• CMOS for optimum speed/power 

• High speed 

- 20 ns 

• Low active power 

- 550 mW 

• Low Standby Power 

- 110 mW 

• TTL-compatible inputs and outputs 

• Capable of withstanding greater than 
2001V electrostatic discharge 


Functional Description 

The CY7C185 and CY7C186 are high-per- 
formance CMOS static RAMs organized as 
8192 words by 8 bits. Easy memory expan- 
sion is provided by an active LOW chip en- 
able (CEi), an active HIGH chip enable 
(CE 2 ), and active LOW output enable (OE) 
and three-state drivers. Both devices have 
an automatic power-down feature (CEO, 
reducing the power consumption by 73% 
when deselected. The CY7C185 is in the 
space-saving 300-mil-wide DIP package 
and leadless chip carrier. The CY7C186 is 
in the standard 600-mil-wide package. 

An active LOW write enable signal (WE) 
controls the writing/readin g op eration of 
the memory. When CEi and WE inputs are 


both LOW and CE 2 is HIGH, data on the 
eight data input/output pins (I/Oo through 1/ 
O7) is written into the memory location ad- 
dressed by the address present on the ad- 
dress pins (Ao through A 12 ). Reading the de- 
vice is accomplished by selecting the device 
and enabling the outputs, CEj a nd O E active 
LOW, CE 2 active HIGH, while WE remains 
inactive or HIGH. Under these conditions, 
the contents of the location addressed by the 
information on address pins is present on the 
eight data input/output pins. 

The input/output pins remain in a high-im- 
pedance state unless the chip is select ed, o ut- 
puts are enabled, and write enable (WE) is 
HIGH. A die coat is used to insure alpha im- 
munity. 





Selection Guide 



Maximum Access Time (ns) 
Maximum Operating Current (mA) 
Maximum Standby Current (mA) 


7C 185-20 

7C 186-20 

7085- 25 

7086- 25 

7085- 35 

7086- 35 

7085- 45 

7086- 45 

7085- 55 

7086- 55 

20 

25 

35 

45 

55 

120 

100 

100 

100 

80 

20/20 

20/20 

20/20 

20/20 

20/20 


































CYPRESS 

SEMICONDUCTOR 


CY7C185 

CY7C186 


Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature - 65 °C to + 150 °C 

Ambient Temperature with 

Power Applied - 55 °C to + 125 °C 

Supply Voltage to Ground Potential - 0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State - 0.5V to + 7.0V 

DC Input Voltage - 3.0V to + 7.0V 

Output Current into Outputs (Low) 20 mA 

Electrical Characteristics Over the Operating Range 


Static Discharge Voltage > 2001V 

(per MII^STD-883, Method 3015) 

Latch-Up Current > 200 m A 

Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70 °C 

5V ± 10% 



7C185-20 

7C186-20 


7085- 25,35,45 

7086- 25,35,45 


7085- 55 

7086- 55 


Description 


Output HIGH Voltage 


Output LOW Voltage 


Input HIGH Voltage 


Input LOW Voltage 


Input Load Current 


Test Conditions 



GND <.V, <.V CC 


loz 

Output Leakage 
Current 

GND <_ V, <_ V cc , 

Output Disabled 

los 

Output Short 

Circuit Current 121 

Vcc = Max., 

Vqut = GND 

Icc 

V C c Operating 

Supply Current 

Vcc = Max., 

Iout — 0 mA 

IsBl 

Automatic CE t 
Power-Down Current 

Max. Vcc. CEi J> V IH> 

Min. Duty Cycle = 100% 

ISB2 

Automatic CE t 
Power-Down Current 

Max. Vcc, "CEi _> V cc - 0.3V, 

V, N _> V cc - 0.3V or V, N <. 0.3V 



+ 10 

pA 

+ 10 

pA 

-300 

mA 

80 

mA 

20 

mA 

20 

mA 


Capacitance 131 


Parameters 

Description 

ClN 

Input Capacitance 

CoUT 

Output Capacitance 


Notes: 

1. V 1L min. = -3.0V for pulse durations less than 30 ns. 

2. Not more than 1 output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 


Test Conditions 




3. Tested initially and after any design or process changes that may affect 
these parameters. 



AC Test Loads and Waveforms 

ri 481 n 



INCLUDING 
JIG AND 
SCOPE 


INCLUDING I 
JIG AND ■=• 
SCOPE 

(b) 


Equivalent to: 


THEVENIN EQUIVALENT 

187 SI 

OUTPUT O W» 


ALL INPUT PULSES 
jT9o% 


<L5ns 

C185-5 
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wM CYPRESS 
■ r SEMKZOIDUCTOR 


CY7C185 

CY7C186 


Switching Characteristics Over the Operating Ranged 


7C185-20 

7086-20 


7C185-25 

7086-25 


7085- 35 

7086- 35 


7085- 45 

7086- 45 


7085- 55 

7086- 55 


Parameters 

Description 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Units 

READ CYCLE | 

Irc 

Read Cycle Time 

20 


25 


35 


45 


55 


ns 

Iaa 

Address to Data Valid 


20 


25 


35 


45 


55 

ns 

toHA 

Data Hold from 

Address Change 

5 


5 


5 


5 


5 


ns 

tACEl 



20 


25 


35 


45 


55 

ns 

tACE2 

CE 2 HIGH to Data Valid 


20 


25 


25 


30 


40 

ns 

tDOE 



10 


12 


15 


20 


25 

ns 

tLZOE 


3 


3 


3 


3 


3 


ns 

tHZOE 



8 


10 


12 


15 


20 

ns 

Ilzcei 


5 


5 


5 


5 


5 


ns 

tLZCE2 

CE 2 HIGH to Low Z 

3 


3 


3 


3 


3 


ns 


^wssamwm 


8 


10 


15 


15 


20 

ns 


■•Mill' 







tpu 


0 


0 


0 


0 


0 


ns 

tpD 



20 


20 


20 


25 


25 

ns 


WRITE CYCLE 171 



Write Cycle Time 


CE, LOW to Write End 


CE 2 HIGH to Write End 


Address Set-Up to 
Write End 


Address Hold from 
Write End 


Address Set-Up to 
Write Start 


Data Set-Up to Write End 


Data Hold from Write End 



tpWE 


tsD 


tHD 


Ihzwe 


tLZWE 


Notes: 

4. Test conditions assume signal transition time of 5 ns or less, timing ref- 
erence levels of 1.5V, input pulse levels of 0 to 3.0V, and output load- 
ing of the specified Iol/Ioh and 30-pF load capacitance. 

5. t H zoE, tHZCE, and t H zwE are specified with C L = 5 pF as in part (b) 
of AC Test Loads. Transition is measured ± 500 mV from steady state 
voltage. 

6. At any given temperature and voltage condition, tnzcE is less than 
ttzcE f° r any given device. 



7. The internal write time of th e memory is defined by the overlap of CEj 
LOW, CE 2 HIGH, and WE LOW. Both signals must be LOW to initi- 
ate a write and either signal can terminate a write by going HIGH. The 
data input set-up and hold timing should be referenced to the rising 
edge of the signal that terminates the write. 

8. Device is continuously selected. OE, CE = V IL . CE 2 = Vjh. 

9. Address valid prior to or coincident with CE transition LOW. 

10. WE is HIGH for read cycle. 
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.yrSpREss 

F SEMICONDUCTOR 


CY7C185 

CY7C186 


Switching Waveforms 


Read Cycle No. 1 (8,9] 



♦ tec * 


ADDRESS } 

< ) 

( 


Jt 

< 

X 

s 




DATA OUT PREVIOUS DATA VALID -) 

mm 

( DATA VALID 

C185< 



Notes: 

11. Data I/O is high impedance if OE = V IH . 12. If CE goes HIGH simultaneouslywith WEIIIGH, the output remains 

in a high-impedance state. 
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CY7C185 

CY7C186 


Switching Waveforms (continued) 
Write Cycle No. 2 (CE Controlled) P- “• 12 > 


ADDRESS 

CE,. 


CE 2 « 


WE. 


DATA IN 


DATA I/O 



« t W c m 



( ) 

< 


\ * tsc E1 * 

H ? 

1 


' " \ 

t S 

* t SC E2 — — — * 


* Uw 

1 


* tHA *1 



s. ? 



*SD * 

k tHD ■*) 


" X 

DATA-IN VALID ) 

( 


■* tHZWE — •! 



DATA UNDEFINED 


HIGH IMPEDANCE 


< 


Typical DC and AC Characteristics 


NORMALIZED SUPPLY CURRENT 



4.0 4.5 5.0 5.5 6.0 


SUPPLY VOLTAGE (V) 


NORMALIZED SUPPLY CURRENT 



-55 25 125 

AMBIENT TEMPERATURE (°C) 


OUTPUT SOURCE CURRENT 



0.0 1.0 2.0 3.0 4.0 


OUTPUT VOLTAGE (V) 


NORMALIZED ACCESS TIME 



4.0 4.5 5.0 5.5 6.0 


NORMALIZED ACCESS TIME 



-55 25 125 


OUTPUT SINK CURRENT 



0.0 1.0 2.0 3.0 4.0 


SUPPLY VOLTAGE (V) 


AMBIENT TEMPERATURE (°C) 


OUTPUT VOLTAGE (V) 
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CY7C185 

CY7C186 



Address Designators 


Bit Map 


Pin 

Number 


Address 

Name 


Address 

Function 


CE, 

ce 2 

WE 

OE 

Inputs/Outputs 

Mode 

H 

X 

X 

X 

High Z 

Deselect/Power-Down 

X 

L 

X 

X 

High Z 

Deselect 

L 

H 

H 

L 

Data Out 

Read 

L 

H 

L 

X 

Data In 

Write 

L 

H 

H 

H 

High Z 

Deselect 


l-CYFRESS 


r semicxmajctcr 


Topical DC and AC Characteristics (continued) 


TYPICAL POWER-ON CURRENT 
vs. SUPPLY VOLTAGE 


TYPICAL ACCESS TIME CHANGE 
vs. OUTPUT LOADING 


NORMALIZED I C c vs. CYCLE TIME 


V CC = 4.5V 


200 400 600 800 1000 


SUPPLY VOLTAGE (V) 


CAPACITANCE (pF) 


CYCLE FREQUENCY (MHz) 


TVuth Table 































CY7C185 

CY7C186 



Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

20 

CY7C185-20PC 

P21 

Commercial 

CY7C185-20VC 

V21 

CY7C185-20DC 

D22 

CY7C185-20LC 

L54 

25 

CY7C185-25PC 

P21 

Commercial 

CY7C185-25VC 

V21 

CY7C185-25DC 

D22 

CY7C185-25LC 

L54 

35 

CY7C185-35PC 

P21 

Commercial 

CY7C185-35VC 

V21 

CY7C185-35DC 

D22 

CY7C185-35LC 

L54 

45 

CY7C185-45PC 

P21 

Commercial 

CY7C185-45VC 

V21 

CY7C185-45DC 

D22 

CY7C185-45LC 

L 54 

55 

CY7C185-55PC 

P21 

Commercial 

CY7C185-55VC 

V21 

CY7C185-55DC 

D22 

CY7C185-55LC 

L54 


Document#: 38-00037-F 


20 

CY7C186-20PC 

P15 

Commercial 

CY7C186-20DC 

D16 

25 

CY7C186-25PC 

P15 

Commercial 

CY7C186-25DC 

D16 

35 

CY7C186-35PC 

P15 

Commercial 

CY7C186-35DC 

D16 

45 

CY7C186-45PC 

P15 

Commercial 

CY7C186-45DC 

D16 

55 

CY7C186-55PC 

P15 

Commercial 

CY7C186-55DC 

D16 
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CY7C185A 

CY7C186A 


CYPRESS 
SEMICONDUCTOR 


8,192x8 Static R/W RAM 


Features 

• Automatic power-down when 
deselected 

• CMOS for optimum speed/power 

• High speed 

- 20 ns 

• Low active power 

- 688 mW 

• Low standby Power 

- 220 mW 

• TTL-compatible imputs and outputs 

• Capable of withstanding greater than 
2001V electrostatic discharge 


Functional Description 

The CY7C185A and CY7C186A are high- 
performance CMOS static RAMs orga- 
nized as 8192 words by 8 bits. Easy memory 
expansion is provided by an active LOW 
chip enable (CEi), an active HIGH chip en- 
able (CE 2 ), an active LOW output enable 
(OE), and three-state drivers. Both devices 
have an automatic power-down feature 
(CEO, reducing the power consumption by 
68% when deselected. The CY7C185A is in 
the space saving 300-mil-wide DIP package 
and leadless chip carrier. The CY7C186A 
is in the standard 600-mil-wide package. 

Writing to the device is accomplished when 
t he c hip enable one (CEj) and write enable 
(WE) inputs are both LOW, and the chip 


enable two (CE 2 ) input is HIGH. Data on the 
eight I/O pins (I/Oo through I/O7) is written 
into the memory location specified on the 
address pins (Ao through Ai 2 ). 

Reading the device is accomplished by taking 
chip enable one (CE^ and output e nable 
(OE) LOW, while taking write enable (WE) 
and chip enable two (CE 2 ) HIGH. Under 
these conditions, the contents of the memory 
location specified on the address pins will ap- 
pear on the I/O pins. 

The I/O pins remain in high-impedance 
state when chip enable one (CE,) or o utpu t 
enable (OE) is HIGH, or write enable (WE) 
or chip enable two (CE 2 ) is LOW. 

A die coat is used to insure alpha immunity. 


Logic Block Diagram 



Pin Configurations 

DIP 

Top View 


NC 

A4 

*5 

Ae 
A 7 
As 
Ag 
A,o 
An 
A, 2 
l/Oo 
I/O, 
l/0 2 
GND 


Vcc 

WE 

CE 2 

A3 

A2 

A^_ 

OE 

Ao 

CE, 

VO? 

l/0 6 

I/Os 

l/0 4 

l/0 3 


1 

2 

3 

4 

5 

6 


28 

27 

26 

25 

24 

23 


7 7C185 22 

8 7C186 21 


9 

10 
11 
12 

13 

14 


20 

19 

18 

17 

16 

15 


LCC C185A-2 


Top View 



i 1 C185A ' 3 


Selection Guide 



7C185A-20 

7C186A-20 

7C185A-25 

7C186A-25 

7C185A-35 

7C186A-35 

7C185A-45 

7C186A-45 

7C185A-55 

7C186A-55 

Maximum Access Time (ns) 

20 

25 

35 

45 

55 

Maximum Operating 
Current (mA) 

Commercial 

125 

125 

125 

125 

125 

Military 

135 

125 

125 

125 

125 

Maximum Standby 

Current (mA) 

Commercial 

40/20 

30/20 

30/20 

30/20 

30/20 

Military 

40/20 

40/20 

30/20 

30/20 

30/20 
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CY7C185A 

CY7C186A 



Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature - 65°C to + 150°C 

Ambient Temperature with 

Power Applied - 55 °C to + 125 °C 

Supply Voltage to Ground Potential 

(Pin 28 to Pin 14) - 0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State - 0.5V to + 7.0V 

DC Input Voltage - 3.0V to + 7.0V 

Output Current into Outputs (Low) 20 mA 


Static Discharge Voltage >200 IV 

(per MII^STD-883, Method 3015) 

Latch-Up Current >200 m A 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70 °C 

5V ± 10% 

Military 1 11 

- 55 °C to + 125 °C 

5V ± 10% 


Electrical Characteristics Over the Operating Range 121 


Parameters 

Description 

Test Conditions 

7C185A-20 

7C186A-20 

7C185A-25 

7C186A-25 

7C185A-35,45,55 

7C186A-35,45,55 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

V 0H 

Output HIGH Voltage 

V C c = Min., Ioh = - 4.0 mA 

2.4 




2.4 


mm 

VoL 

Output LOW Voltage 

Vcc = Min., Iql = 8.0 mA 


0.4 


ESI 


EQQfgl 

mm 

V 1H 

Input HIGH Voltage 




2.2 

m 

2.2 

Vcc 

mm 

v, L 

Input LOW Voltage 131 


-3.0 


Egg 


-3.0 

0.8 

wm 

Iix 

Input Load Current 

GND <. V r <. V cc 

-10 

+ 10 

-10 

+ 10 

-10 

+ 10 

|aA 

loz 

Output Leakage 
Current 

GND <.V,.< Vcc, 

Output Disabled 

-10 

+ 10 

-10 

+ 10 

-10 

+ 10 

jiA 

los 

Output Short 

Circuit Current 141 



-300 


-300 


-300 

mA 

Icc 

V C c Operating 

Supply Current 

V C c = Max. 

Iout ~ 0 mA 

Com’l 


125 


125 


125 

mA 

Mil 


135 


125 


125 

mA 

IsBl 

Automatic CEi 
Power-Down Current 

Max. Vcc, 

CE! _> V IH , 

Min. Duty 

Cycle = 100% 

Com’l 


40 


30 


30 

mA 

Mil 


40 


40 


30 

mA 

IsB2 

Automatic CE! 
Power-Down Current 

Max. V cc , 

CEi _> V cc -0.3V 
V,n^ V cc -0.3 V 
or Vi N _> 0.3V 

Com’l 


20 


20 


20 

mA 

Mil 


20 


20 


20 

mA 


Capacitance ' 51 


Parameters 

Description 

Test Conditions 

Max. 

Units 

C]N 

Input Capacitance 

T a = 25°C,f = 1 MHz, 

V cc = 5.0V 

5 

pF 

CoUT 

Output Capacitance 

7 

pF 


Notes: 

1. Ta is the “instant on” case temperature. 

2. See the last page of this specification for Group A subgroup testing 
information. 

3. Vil (min.) = - 3.0V for pulse durations less than 30 ns. 

4. Not more than 1 output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 

5. Tested initially and after may design or process changes that may affect 
these parameters. 

6. Test conditions assume signal transition time of 5 ns or less, timing ref- 
erence levels of 1.5V, input pulse levels of 0 to 3.0V, and output load- 
ing of the specified Iol^oh and 30-pF load capacitance. 

7- t H zoE, Ihzce. and t H zwE are specified with C L = 5 pF as in part (b) 
of AC Test Loads. Transition is measured ± 500 mV from steady state 
voltage. 


8. At any given temperature and voltage condition, tuzcE is l ess than 
Ilzce f°r any given device. 

9. Device is continuously selected. OE, CE = V| L . CE 2 = Vj H 

10. Address valid prior to or coincident with CE transition low. 

11. WE is HIGH for read cycle. 

1 2. The internal write time of th e memory is defined by the overlap of CEi 
LOW, CE 2 HIGH, and WE LOW. Both signals must be LOW to initi- 
ate a write and either signal can terminate a write by going HIGH. The 
data input set-up and hold timing should be referenced to the rising 
edge of the signal that terminates the write. 

13. Data I/O is high impedance if OE = V[ H . 

14. If CE goes HIGH simultaneously with WE HIGH, the output remains 
in a high-impedance state. 
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CYPRESS 

>F SEMICONDUCTOR 


AC Test Loads and Waveforms 

R1 481.0, 


30 pF 


INCLUDING 

JIG AND ~ *ST 
SCOPE 

(a) 


R2 

255ft 


5 pF i 


INCLUDING 
JIG AND 
SCOPE 

(b) 


R2 

2550, 


Equivalent to: 


THEVENIN EQUIVALENT 
187 ft 

OUTPUT O M W O 1 ,73V 


Switching Characteristics Over the Operating Range 12 


, 6 ] 


CY7C185A 

CY7C186A 


ALL INPUT PULSES 


71 






7C185A-20 

7C186A-20 

7C185A-25 

7C186A-25 

7C185A-35 

7C186A-35 

7C185A-45 

7C186A-45 

7C185A-55 

7C186A-55 


Parameters 


Description 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Units 

READ CYCLE 

tRC 

Read Cycle Time 

20 


25 


35 


45 


55 


ns 

L\a 

Address to Data Valid 


20 


25 


35 


45 


55 

ns 

toHA 

Data Hold from Address 
Change 

3 


3 


3 


3 


3 


ns 

tACEl 



20 


25 


35 


45 


55 

ns 

tACE2 

CE 2 HIGH to Data Valid 


20 


25 


25 


30 


40 

ns 

tDOE 

OE LOW to Data Valid 


10 


12 


15 


20 


25 

ns 

tLZOE 



3 


3 


3 


3 


3 


ns 

tHZOE 

OE HIGH to High Z' 7 ! 


8 


10 


12 


15 


20 

ns 


tLZCEl 

CEj LOW to Low Z' 8 ! 

5 


5 


5 


5 


5 


ns 

1lzce2 

CE 2 HIGH to Low Z 

3 


3 


3 


3 


3 


ns 

Ihzce 

m 


8 


10 


15 


15 


20 

ns 

tpu 


0 


0 


0 


0 


0 


ns 

tpD 



20 


20 


20 


25 


25 

ns 

WRITE CYCLED 

twc 

Write Cycle Time 

20 


20 


25 


40 


50 


ns 

tsCEl 


15 


20 


25 


30 


40 


ns 

tsCE2 

CE 2 HIGH to Write End 

15 


20 


20 


25 


30 


ns 

tAW 

Address Set-Up to 

Write End 

15 


20 


25 


30 


40 


ns 

t H A 

Address Hold from 

Write End 

0 


0 


0 


0 


0 


ns 

tsA 

Address Set-Up to 

Write Start 

0 


0 


0 


0 


0 


ns 

tpWE 


15 


15 


20 


20 


25 


ns 

tsD 

Data Set-Up to Write End 

10 


10 


15 


15 


25 


ns 

tHD 

Data Hold from Write End 

0 


0 


0 


0 


0 


ns 

tHZWE 

WE LOW to High Z' 7 ! 


7 


7 


10 


15 


20 

ns 


Llzwe 

WE HIGH to Low Z 

5 


5 


5 


5 


5 


ns 
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CY7C185A 

CY7C186A 


Switching Waveforms 
Read Cycle No. 1 ^ 10 ! 



* *RC * 


ADDRESS ) 

< > 

< 


< 

X 

<9 


1 


DATA OUT PREVIOUS DATA VALID ^ 

o<x> 

( DATA VALID 


C185A-6 










rJs CYPRESS 
F SEMKXNDUCTOR 


CY7C185A 

CY7C186A 


Switching Waveforms (continued) 
Write Cycle No. 2 (CE Controlled) t 12 > 13 ' 14 ' 


ADDRESS 

CEi 



DATA UNDEFINED 


HIGH IMPEDANCE 


Typical DC and AC Characteristics 

NORMALIZED SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 





•cc 












' 4.0 4.5 5.0 5.5 6.0 

SUPPLY VOLTAGE (V) 

NORMALIZED ACCESS TIME 
vs. SUPPLY VOLTAGE 



NORMALIZED SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 


0.2 H l SB 


V cc = 5.0V 
V| N = 5.0V 


55 25 125 

AMBIENT TEMPERATURE (°C) 

NORMALIZED ACCESS TIME 
vs. AMBIENT TEMPERATURE 




4.0 4.5 5.0 5.5 

SUPPLY VOLTAGE (V) 


V cc = 5.0V 


25 125 

AMBIENT TEMPERATURE (°C) 


OUTPUT SOURCE CURRENT 
vs. OUTPUT VOLTAGE 


cc = 

T a = 25° C 


g 20 ^ 

£ n 

o 01 

0.0 1.0 2.0 3.0 

OUTPUT VOLTAGE (V) 

OUTPUT SINK CURRENT 
vs. OUTPUT VOLTAGE 


<■ 

140 

g 

120 

H 

Z 

LU 

CC 

100 

cc 

3 

o 

80 

z 

60 

cn 

H 

3 

40 

Q. 

H 

3 

20 

O 

0 




0.0 1.0 2.0 3.0 

OUTPUT VOLTAGE (V) 
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CY7C186A 



Typical DC and AC Characteristics (continued) 


TYPICAL POWER-ON CURRENT 
vs. SUPPLY VOLTAGE 



SUPPLY VOLTAGE (V) 


TYPICAL ACCESS TIME CHANGE 



CAPACITANCE (pF) 


NORMALIZED I C c vs. CYCLE TIME 



10 20 30 40 


CYCLE FREQUENCY (MHz) 


S 

«c 


Truth Table 


CE, 

ce 2 

WE 

OE 

Inputs/Outputs 

Mode 

H 

X 

X 

X 

High Z 

Deselect/Power-Down 

X 

L 

X 

X 

High Z 

Deselect 

L 

H 

H 

L 

Data Out 

Read 

L 

H 

L 

X 

Data In 

Write 

L 

H 

H 

H 

High Z 

Deselect 


2-238 





CY7C185A 

CY7C186A 


■= ^g g# ^^OTOUCTOR 

Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

20 

CY7C185A-20PC 

P21 

Commercial 

CY7C 185 A-20V C 

V21 

C Y7C 185 A-20DC 

D22 

CY7C 185 A-20LC 

L54 

CY7C185A-20DMB 

D22 

Military 

CY7C 185 A-20LMB 

L54 

CY7C185A-20KMB 

K74 

25 

CY7C185A-25PC 

P21 

Commercial 

CY7C185A-25VC 

V21 

CY7C185A-25DC 

D22 

CY7C185A-25LC 

L54 

C Y7C 185 A-25DMB 

D22 

Military 

CY7C185A-25LMB 

L54 

C Y7C 185A-25KMB 

K74 

35 

CY7C185A-35PC 

P21 

Commercial 

CY7C185A-35VC 

V21 

C Y7C 185 A-35DC 

D22 

C Y7C 185 A-35LC 

L54 

CY7C 185 A-35DMB 

D22 

Military 

CY7C 185 A-35LMB 

L54 

CY7C185A-35KMB 

K74 

45 

CY7C185A-45PC 

P21 

Commercial 

CY7C185A-45VC 

V21 

C Y7C 185 A-45DC 

D22 

C Y7C 185A-45LC 

L54 

CY7C185A-45DMB 

D22 

Military 

C Y7C 185 A-45LMB 

L54 

C Y7C 185 A-45KMB 

K74 

55 

C Y7C 185 A-55PC 

P21 

Commercial 

C Y7C 185 A-55 V C 

V21 

C Y7C 185A-55DC 

D22 

CY7C185A-55LC 

L54 

CY7C 185 A-55DMB 

D22 

Military 

CY7C 185 A-55LMB 

L54 

C Y7C 185 A-55KMB 

K74 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

20 

CY7C186A-20PC 

P15 

Commercial 

CY7C186A-20DC 

D16 

CY7C186A-20DMB 

P15 

Military 

25 

CY7C186A-25PC 

P15 

Commercial 

CY7C 186A-25DC 

D16 

CY7C186A-25DMB 

D16 

Military 

35 

CY7C186A-35PC 

P15 

Commercial 

CY7C186A-35DC 

D16 

CY7C186A-35DMB 

D16 

Military 

45 

CY7C186A-45PC 

P15 

Commercial 

C Y7C 186A-45DC 

D16 

CY7C 186A-45DMB 

D16 

Military 

55 

CY7C186A-55PC 

P15 

Commercial 

CY7C186A-55DC 

D16 

CY7C186A-55DMB 

D16 

Military 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 


Parameters 

Subgroups 

V OH 

1, 2, 3 

Vql 

1,2,3 

V, H 

1,2,3 

Vil Max. 

1,2,3 

Iix 

1,2,3 

loz 

1, 2,3 

los 

1, 2,3 

Icc 

1,2,3 

IsBl 

1,2,3 

IsB2 

1, 2,3 


Address Designators 


Address 

Name 


Address 

Function 


Switching Characteristics 

Parameters Subgroups 

READ CYCLE 

W I 7, 8, 9, 10, 1 


•aa 

toHA 

tACEl 

tACE2 

tDOE 

WRITE CYCLE 

twc 

tsCEl 

tsCE2 

tAW 

tHA 

tsA 

tpWE 

tsD 

tHD 


7, 8, 9, 10, 11 
7, 8, 9, 10, 11 
7, 8, 9, 10, 11 
7, 8, 9, 10, 11 
7, 8, 9, 10, 11 
7, 8, 9, 10, 11 

7, 8, 9, 10, 11 
7, 8, 9, 10, 11 
7, 8, 9, 10, 11 
7, 8, 9, 10, 11 
7, 8, 9, 10, 11 
7, 8, 9, 10, 11 
7, 8, 9, 10, 11 
7, 8, 9, 10, 11 
7, 8, 9, 10, 11 


CY7C185A 

CY7C186A 


Pin 

Number 



Document #: 38-00114 































CY7C187 



Features 

• Automatic power-down when dese- 
lected 

• CMOS for optimum speed/power 

• High speed 

- 15 ns 

• Low active power 

- 495 mW 

• Low standby power 

- 220 mW 

• TTL compatible inputs and outputs 

• Capable of withstanding greater than 
2001V electrostatic discharge 


Functional Description 

The CY7C187 is a high-performance 
CMOS static RAM organized as 65,536 
words x 1 bit. Easy memory expansion is 
prov ided by an active LOW chip enable 
(CE) and three-state drivers. The 
CY7C187 has an automatic power-down 
feature, reducing the power consumption 
by 56% when deselected. 

Writing to the device is accomplished when 
t he c hip enable (CE) and write enable 
(WE) inputs are both LOW. Data on the 
input pin (DI) is written into the memory 
location specified on the address pins (Ao 
through A 15 ). 


Reading the device is accomplished by tak- 
ing the chip enable (CE) LOW, while write 
enable (WE) remains HIGH. Under these 
conditions, the contents of the memory lo- 
cation specified on the address pins will 
appear on the data output (DO) pin. 

The output pin stays in hig h-impedance 
state when c hip en able (CE) is HIGH or 
write enable (WE) is LOW. 

The 7C187 utilizes a die coat to insure al- 
pha immunity. 



Logic Block Diagram 


Pin Configurations 



soj 

Top View 



Cl 87-3 


DIP 

Top View 


AoC 

1 

^ 22 

3 Vcc 

A, L 

2 

21 

3 A, 5 

a 2 C 

3 

20 

3 A, 4 

A 3 C 

4 

19 

3 A , 3 

A.C 

5 

18 

3 A, 2 

A 5 [ 

8 

7C187 17 

3 A,, 

AeC 

7 

16 

3 A,o 

A 7 [ 

8 

15 

3 a 9 

Dout C 

9 

14 

3 Ae 

WE C 

10 

13 

3 D„ 

GNpC 

11 

12 

3 CE 


Cl 87-2 


CERPAK LCC 

Top View Top View 



C187-4 


Selection Guide 



7C18715 

7C187-20 

7C187-25 

7C187-35 

7C187-45 

Maximum Access Time (ns) 

15 

20 

25 

35 

45 

Maximum Operating Current (mA) 

90 

80 

70 

70 

50 

Maximum Standby Current (mA) 

40/20 

20/20 

20/20 

20/20 

20/20 
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Maximum Rating 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature - 65°C to + 150°C 

Ambient Temperature with 

Power Applied - 55 °C to + 125 °C 

Supply Voltage to Ground Potential 

(Pin 22 to Pin 11) - 0.5V to +7.0V 

DC Voltage Applied to Outputs 

in High Z State -0.5V to +7.0V 

DC Input Voltage - 3.0V to + 7.0V 

Output Current into Outputs (Low) 20 mA 


Static Discharge Voltage > 2001V 

(per MII^STD-883, Method 3015) 

Latch-Up Current >200 mA 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70 °C 

5V ± 10% 


Electrical Characteristics Over the Operating Range 


Parameters 

Description 

Test Conditions 

7C187-15 

7C187-20 

7C187-25,35 

7C 187-45 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 


Output HIGH Voltage 

V C c = Min., 

Ioh ~ — 4.0 mA 

Q 


H 


2.4 


2.4 


V 


Output LOW Voltage 

V C c = Min., 

Iol = 12.0 mA 


0.4 


0.4 

■ 

0.4 


0.4 

V 

Vjh 

Input HIGH Voltage 


2.2 

IQ 

2.2 

Q 

2.2 

Vcc 

2.2 

mm 

mm 

V|L 

Input LOW Voltage 111 


-3.0 

0.8 

-3.0 

0.8 

-3.0 

0.8 

-3.0 

0.8 

n 

Iix 

Input Load Current 

GND <_ V, <_ V cc 

-10 

+ 10 

-10 

+ 10 

-10 

+ 10 

-10 

+ 10 

pA 

loz 

Output Leakage 
Current 

GND <.V 0 ^Vcc, 
Output Disabled 

-10 

+ 10 

-10 

+ 10 

-10 

+ 10 

-10 

+ 10 

pA 

los 

Output Short 

Circuit Current 121 

Vcc = Max., 

Vout = GND 


-350 


-350 

m 

-350 


-350 

mA 

Icc 

Vcc Operating 

Supply Current 

V C c = Max., 

Iout ~ 0 mA 


90 


80 

■ 

70 


50 

mA 

IsBl 

Automatic CE Power- 
Down Current 131 

Max. Vcc> CE _>. Vjh 


40 


40 

■ 

20 


20 

mA 

IsB2 

Automatic CE 
Power-Down Current 

Max. V cc , 

CE >_ V cc -0.3V, 

V,N ^ Vcc - 0.3V 
or Vi N ^0.3V 

1 

20 

1 

20 


20 

1 

20 

mA 


Capacitance 141 


Parameters 

Description 

j Test Conditions 

Max. 

Units 

ClN 

Input Capacitance 

1 

1 

5 

pF 

CqUT 

Output Capacitance 

7 

pF 


Notes: 

1. V| L min. = -3.0V for pulse durations less than 30 ns. 4. Tested initially and after any design or process changes that may affect 

2. Not more than 1 output should be shorted at one time. Duration of th ese parameters, 

the short circuit should not exceed 30 seconds. 

3. A pull-up resistor to V cc on the CE input is required to keep the de- 
vice deselected during Vcc power-up, otherwise Isb will exceed values 
given. 
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CY7C187 


wJs cypress 

■ it SEMCONDUCTOR 


AC Test Loads and Waveforms 

R1 329TI 
(4800. MIL) 


JIG AND "==■ 
SCOPE 

(a) 


R1 3290. 
(4800, MIL) 


5V O 


5V O 






30 pF ■ 

. 

R2 c r 

' 202 SI 5 P F ■ 

8 

INCLUDING 


' 255.fl. MIL) INCLUDING 



JIG AND •— 
SCOPE 

(b) 


Equivalent to: THEVENIN EQUIVALENT 

1670. 

OUTPUT O AAA. O 1 ,73V 


Military 


2020 . 

(R 12550. MIL) 


ALL INPUT PULSES 




Commercial 


Switching Characteristics Over the Operating Range l 5 l 


Parameters 

Description 

7C187-15 

7C187-20 

7087-25 

7087-35 

7087-45 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

Irc 

Read Cycle Time 

15 


20 


25 


35 


45 


ns 

tAA 

Address to Data Valid 


15 


20 


25 


35 


45 

ns 

toHA 

Output Hold from Address Change 

3 


5 


5 


5 


5 


ns 

tACE 



15 


20 


25 


35 


45 

ns 

tLZCE 

CE LOW to Low Z! 6 ! 

3 


5 


5 


5 


5 


ns 

tHZCE 

CE HIGH to High Z I 7 - 8 ! 


8 


8 


10 


15 


15 

ns 

tpu 

CE LOW to Power Up 

0 


0 


0 


0 


0 


ns 

tpD 

CE HIGH to Power Down 


15 


20 


20 


20 


25 

ns 

WRITE CYCLE! 8 ! 

twc 

Write Cycle Time 

15 


20 


20 


25 


40 


ns 

tsCE 

CE LOW to Write End 

12 


15 


20 


25 


30 


ns 

tAW 

Address Set-up to Write End 

12 


15 


20 


25 


30 


ns 

W 

Address Hold from Write End 

0 


0 


0 


0 


0 


ns 

tsA 

Address Set-up to Write Start 

0 


0 


0 


0 


0 


ns 

tpWE 

WE Pulse Width 

12 


15 


15 


20 


20 


ns 

tsD 

Data Set-up to Write End 

10 


10 


10 


15 


15 


ns 

tHD 

Data Hold from Write End 

0 


0 


0 


0 


0 


ns 

tLZWE 

WE HIGH to Low Z l 8 ! 

5 


5 


5 


5 


5 


ns 

tHZWE 



7 


7 


7 


10 


15 

ns 


Notes: 

5. Test conditions assume signal transition time of 5 ns or less, timing ref- 
erence levels of 1.5V, input pulse levels of 0 to 3.0V, and output load- 
ing of the specified Iol^oh and 30-pF load capacitance. 

6. At any given temperature and voltage condition, tnzcE is less than 
tLZCE f°r any given device. 

7. tnzcE and tHZWE are specified with Cl = 5 pF as in part (b) of AC 
Tfest Loads. Transition is measured ±500 mV from steady state 
voltage. 


8. The inter nal w rite time of the memory is defined by the overlap of CE 
LOW and WE LOW. Both signals must be LOW to initiate a write and 
either signal can terminate a write by going HIGH. The data input set- 
up and hold timing should be referenced to the rising edge of the signal 
that terminates the write. 
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SEMICONDUCTOR 


CY7C187 


Switching Waveforms 

Read Cycle No. l f9, 101 


ADDRESS 


DATA OUT 



• tpjc * 

> 

( ) 


L -j 


- ‘AA 

m t0HA H 


PREVIOUS DATA VALID -) 

ms£> 

( DATA VALID 


Read Cycle No. 2 1 9 - u l 



Write Cycle No. 1 (WE Controlled) 110 ' 



< t wc • 


ADDRESS ) 

( ) 

{ 



m tsCE * 

v 2 









'aw " ■ H 



h { sa H 


* tp W E 

v 7 



WE ^ 


7 

VlD 

t— 

ISD * 

DATA IN 

DATA-IN VALID 



* — Ihzwe — *| 

I* - llZWE — 


v niijin iivirtuANUc j 

DATA OUT DATA UNDEFINED J < ( 

V 


C187-10 


Not es: 

9. WE is HIGH for read cycle. 12. If CE goes HIGH simultaneously with WE HIGH, the output remains 

10. Device is continuously selected, CE = V IL . in a high-impedance state. 

11. Address valid prior to or coincident with CE transition LOW, 
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F SEMKXDNDUCTOR 


Switching Waveforms (continued) 



Typical DC and AC Characteristics 



4.0 


4.5 5.0 5.5 

SUPPLY VOLTAGE (V) 


6.0 


NORMALIZED ACCESS TIME 



4.0 


4.5 5.0 5.5 

SUPPLY VOLTAGE (V) 


6.0 



-55 


125 


AMBIENT TEMPERATURE (°C) 
NORMALIZED ACCESS TIME 



-55 25 125 

AMBIENT TEMPERATURE (°C) 



0.0 


3.0 

OUTPUT VOLTAGE (V) 


4.0 


OUTPUT SINK CURRENT 



0.0 


1.0 2.0 3.0 

OUTPUT VOLTAGE (V) 


4.0 
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‘ ia^npiroo 

-- ===— SEMICONDUCTOR 

TYuth Table 


CE 

WE 

Inputs/Outputs 

Mode 

H 

X 

High Z 

Deselect/Power-Down 

L 

H 

Data Out 

Read 

L 

L 

Data In 

Write 


Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

15 

CY7C187-15PC 

P9 

Commercial 

CY7C187-15VC 

V13 

CY7C187-15DC 

DIO 

CY7C187-15LC 

L52 

20 

CY7C187-20PC 

P9 

Commercial 

CY7C187-20VC 

V13 

CY7C187-20DC 

DIO 

CY7C187-20LC 

L52 

25 

CY7C 187-25PC 

P9 

Commercial 

CY7C187-25VC 

V13 

CY7C187-25DC 

DIO 

CY7C187-25LC 

L52 

35 

CY7C187-35PC 

P9 

Commercial 

CY7C187-35VC 

V13 

CY7C187-35DC 

DIO 

CY7C187-35LC 

L52 

45 

CY7C187-45PC 

P9 

Commercial 

CY7C187-45VC 

V13 

CY7C187-45DC 

DIO 

CY7C187-45LC 

L52 


Document#: 38-00038-G 
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Features 

• Automatic power-down when dese- 
lected 

• CMOS for optimum speed/power 

• High speed 

- 15 ns 

• Low active power 

- 440 mW 

• Low standby power 

- 220 mW 

• TTL-compatible inputs and outputs 

• Capable of withstanding greater than 
2001V electrostatic discharge 


Functional Description 

The CY7C187A is a high-performance 
CMOS static RAM organized as 65,536 
words by 1 bit. Easy memory expansion is 
prov ided by an active LOW chip enable 
(CE) and three-state drivers. The 
CY7C187A has an automatic power-down 
feature, reducing the power consumption 
by 50% when deselected. 

Writing to the device is accomplished when 
the c hip enable (CE) and write enable 
(WE) inputs are both LOW. Data on the 
input pin (DI) is written into the memory 
location specified on the address pins (Aq 
through A 15 ). 


Reading the device is accomplished by tak- 
ing the chip enable (CE) LOW, while write 
enable (WE) remains HIGH. Under these 
conditions, the contents of the memory lo- 
cation specified on the address pins will 
appear on the data output (DO) pin. 

The output pin stays in hig h-impedance 
state when c hip en able (CE) is HIGH or 
write enable (WE) is LOW. 

The 7C187A utilizes a die coat to insure al- 
pha immunity. 



Pin Configurations 


SOJ “V” 
Top View 



C187A-2 


CERFAK “K” 

Top View 

Vcc 
A, 6 

A, 4 

A,3 

a, 2 

A,, 
NC 
A,o 
A 9 
As 
Din 

CE 

C187A-4 





Maximum Access Time (ns) 


Maximum Operating 


Maximum Standby 
Current (mA) 



7C187A-15 

7C187A-20 

7C187A-25 

7C187A-35 

7C187A-45 


15 

20 

25 

35 

45 

Commercial 

90 

80 

80 

80 

80 

Military 


90 

80 

80 

80 

Commercial 

40/20 

40/20 

30/20 

30/20 

30/20 

Military 


40/20 

40/20 

30/20 

30/20 
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Maximum Rating 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Static Discharge Voltage > 2001V 

(per MIUSTD-883, Method 3015) 


Storage Temperature -65°C to +150°C 

Ambient Temperature with 

Power Applied -55°C to + 125 °C 

Supply Voltage to Ground Potential 

(Pin 22 to Pin 11) - 0.5V to +7.0V 

DC Voltage Applied to Outputs 

in High Z State - 0.5V to + 7.0V 

DC Input Voltage - 3.0V to + 7.0V 

Output Current into Outputs (Low) 20 mA 


Latch-Up Current >200 m A 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70°C 

5V ± 10% 

Military! 1 ! 

- 55 °C to + 125 °C 

5V ± 10% 


Electrical Characteristics Over the Operating Range 121 


Parameters 

Description 

Test Conditions 

7C187A-15 

7C187A-20 

Units 

Min. 

Max. 

Min. 

Max. 

V OH 

Output HIGH Voltage 

Vcc = Min., Iqh = — 4.0 mA 

| 




V 


Output LOW Voltage 


Iol = 8 0 mA 

Com’l 


0.4 


0.4 

V 

Iol = 12.0 mA 

Mil 


0.4 


0.4 

V 

V, H 

Input HIGH Voltage 


2.2 


2.2 

Vcc 

warn 

V, L 

Input LOW Voltage 131 


-3.0 


-3.0 

0.8 

V 

Itx 

Input Load Current 

GND <. V, <. Vcc 

-10 

+ 10 

-10 

+ 10 

liA 

loz 

Output Leakage 

Current 

GND_< V 0 <_ Vcc, 

Output Disabled 

-10 

+ 10 

-10 

+ 10 

M-A 

los 

Output Short 

Circuit Current 141 

Vcc = Max., V out ~ GND 


-350 


-350 

mA 

Icc 

V C c Operating Supply 
Current 

V C c = Max. 
lour — 0 mA 

Com’l 


90 


80 

mA 

Mil 




90 

IsBl 

Automatic CE 
Power-Down Current 151 

Max. Vcc, 

CE >Vm 

Com’l 


40 


40 

mA 

Mil 




40 

IsB2 

Automatic CE 
Power-Down Current 151 

Max. Vcc, CE > V cc - 0.3V, 
V IN _> V cc -0.3V or 

V IN < 0.3V 

Com’l 


20 


20 

mA 

Mil 




20 


6. Tested initially and after any design or process changes that may affect 
these parameters. 

7. Test conditions assume signal transition time of 5 ns or less, timing ref- 
erence levels of 1.5V, input pulse levels of Oto 3.0V, and output load- 
ing of the specified Iql/Ioh and 30-pF load capacitance. 


Notes: 

1. T a is the “instant on” case temperature. 

2. See the last page of this specification for Group A subgroup testing 
information. 

3. Vjl min. = -3.0V for pulse durations less than 30 ns. 

4. Not more than 1 output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 

5. A pull-up resistor to Vcc on the CE input is required to keep the de- 
vice deselected during V cc power-up, otherwise Isb will exceed values 
given. 
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SEMSSONDUCTOR 
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Electrical Characteristics Over the Operating Range 121 (continued) 


Parameters 

Description 

Test Conditions 

7C187A-25 

7C187A-35, 45 

Units 

Min. 

Max. 

Min. 

Max. 

V OH 

Output HIGH Voltage 

Vcc = Min., Iqh ~ — 4.0 mA 

2.4 


2.4 


V 

Vol 

Output LOW Voltage 

V cc = Min 

Iol = 8.0 mA 

Com’l 


0.4 


0.4 

V 


Iol = 12.0 mA 

Mil 


0.4 


0.4 

V 

V, H 

Input HIGH Voltage 


2.2 


2.2 

Vcc 

V 

V IL 

Input LOW Voltage 131 


-3.0 

0.8 

-3.0 

0.8 

V 

Ik 

Input Load Current 

GND <. V, <. Vcc 

-10 

+ 10 

-10 

+ 10 

|xA 

loz 

Output Leakage 

Current 

GND _<. V 0ji V cc . 

Output Disabled 

-10 

+ 10 

-10 

+ 10 

M-A 

EH 

Output Short 

Circuit Current 141 

Vcc = Max., Vqut = GND 


-350 


-350 

mA 

Icc 

V C c Operating Supply 
Current 

V C c = Max. 

Iout = 0 mA 

Com’l 


80 


80 

mA 

Mil 


80 


80 

IsBl 

Automatic CE 

Power Down Current 151 

Max. Vcc, 

CE _> Vih 

Com’l 


30 


30 

mA 

Mil 


40 


30 

ISB2 


IAIV1EHi3EBMliKnM 

Com’l 


20 


20 

mA 

Mil 


20 


20 


Capacitance ! 61 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Qn 

Input Capacitance 

T a = 25 °C, f = 1 MHz, 

V cc = 5.0V 

5 

pF 

CqUT 

Output Capacitance 

7 

PF 


AC Test Loads and Waveforms 


R1 3200. R1 3290. 

(4800. Mil) (4800. Ml!) 


5V o- 


oirrPUT®" 


OUTPUT®- 


30 pF 1 


INCLUDING 
JIG AND 
SCOPE 


(a) 


R2 

2020 . 
(2550. Mil) 


5pF =4= 


INCLUDING 
JIG AND ■=■ 
SCOPE 

(b) 


R2 

2020 
(2550 Mil) 


C187A-6 


ALL INPUT PULSES 



C187A-7 


Equivalent to: THEVENIN EQUIVALENT 

1670 


1250 

<w v o 


1.90V 


OUTPUT O- 


Military 


“O 1.73V 


OUTPUT O- 


Commercial 
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jg CYPRESS 
W SEMICONDUCTOR 


Switching Characteristics Over the Operating Rangel 2 ' 7 1 


Parameters 

Description 

7C187A-15 

7C187A-20 

7C187A-25 

7C187A-35 

7C187A-45 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

tRC 

Read Cycle Time 

15 


20 


25 


35 


45 


ns 

tAA 

Address to Data Valid 


15 


20 


25 


35 


45 

ns 

toHA 

Output Hold from Address Change 

3 


3 


3 


3 


3 


ns 

tACE 

CE LOW to Data Valid 


15 


20 


25 


35 


45 

ns 

tLZCE 

CE LOW to Low Z™ 

5 


5 


5 


5 


5 


ns 

tHZCE 

CE HIGH to High Zl 8 ' 9 ! 


8 


8 


10 


15 


15 

ns 

tpu 


0 


0 


0 


0 


0 


ns 

tpD 



15 


20 


20 


20 


25 

ns 

WRITE CYCLE! 10 ' 

twc 

Write Cycle Time 

15 


20 


20 


25 


40 


ns 

tsCE 


12 


15 


20 


25 


30 


ns 

tAW 

Address Set-Up to Write End 

12 


15 


20 


25 


30 


ns 

t H A 

Address Hold from Write End 

0 


0 


0 


0 


0 


ns 

tsA 

Address Set-Up to Write Start 

0 


0 


0 


0 


0 


ns 

tpWE 

WE Pulse Width 

12 


15 


15 


20 


20 


ns 

tSD 

Data Set-Up to Write End 

10 


10 


10 


15 


15 


ns 

tHD 

Data Hold from Write End 

0 


0 


0 


0 


0 


ns 

tLZWE 

WE HIGH to Low ZW 

5 


5 


5 


5 


5 


ns 

tHZWE 



7 


7 


7 


10 


15 

ns 


Notes: 

8. At any given temperature and voltage condition, tnzcE is less than 
*lzce f°r an y given device. 

9. tnzcE and tnzwE are specified with Cl = 5 pF as in part (b) of AC 

Tfest Loads. Transition is measured ± 500 mV from steady state 
voltage. 

10. The inter nal w rite time of the memory is defined by the overlap of CE 
LOW and WE LOW. Both signals must be LOW to initiate a write and 
either signal can terminate a write by going HIGH. The data input set- 


up and hold timing should be referenced to the rising edge of the signal 
that terminates the write. 

11. WE is HIGH for read cycle. 

12. Device is continuously selected, CE = Vjl- 

13. Address valid prior to or coincident with CE transition LOW. 

14. If CE goes HIGH simultaneously with WE HIGH, the output remains 
in a high-impedance state. 


Switching Waveforms 


Read Cycle No. 1 (11, 12] 



m t RC ► 


ADDRESS ^ 

^ > 

c 


* <AA J 

* toHA *j 


1 


DATA OUT PREVIOUS DATA VALID ^ 

£XX> 

( DATA VALID 


C187A-8 
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CY7C187A 


^ ^^^IDUCTOR ===== 

Typical DC and AC Characteristics 


NORMALIZED SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 


NORMALIZED SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 


OUTPUT SOURCE CURRENT 
vs. OUTPUT VOLTAGE 
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' ~ SEMKX3NDUCTQR 

Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

15 

CY7C187A-15PC 

P9 

Commercial 

CY7C187A-15VC 

V13 

CY7C187A-15DC 

DIO 

CY7C187A-15LC 

L52 

20 

CY7C187A-20PC 

P9 

Commercial 

CY7C187A-20VC 

V13 

CY7C187A-20DC 

DIO 

C Y7C 187A-20LC 

L52 

C Y7C 187A-20DMB 

DIO 

Military 

C Y7C 187A-20LMB 

L52 

CY7C 187A-20KMB 

K73 

25 

CY7C187A-25PC 

P9 

Commercial 

CY7C187A-25VC 

V13 

CY7C187A-25DC 

DIO 

CY7C187A-25LC 

L52 

CY7C187A-25DMB 

DIO 

Military 

CY7C187A-25LMB 

L52 

C Y7C 187A-25KMB 

K73 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

35 

CY7C187A-35PC 

P9 

Commercial 

CY7C187A-35VC 

V13 

CY7C187A-35DC 

DIO 

C Y7C 187A-35LC 

L52 

C Y7C 187A-35DMB 

DIO 

Military 

CY7C187A-35LMB 

L52 

CY7C187A-35KMB 

K73 

45 

C Y7C 187A-45PC 

P9 

Commercial 

CY7C187A-45VC 

V13 

CY7C 187A-45DC 

DIO 

CY7C187A-45LC 

L52 


CY7C187A-45DMB 

DIO 

Military 


CY7C187A-45LMB 

L52 



CY7C187A-45KMB 

K73 
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CYPRESS 

SEMKXMXJCTOR 


CY7C187A 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 
DC Characteristics 


Parameters 

Subgroups 

V OH 

1,2,3 

V OL 

1,2,3 

Vj H 

1,2,3 

V, L Max. 

1,2,3 

Ik 

1,2,3 

loz 

1,2,3 

los 

1,2,3 

Icc 

1,2,3 

IsBl 

1,2,3 

IsB2 

1,2,3 


Switching Characteristics 


Parameters 

Subgroups 

READ CYCLE 

tRC 

7, 8, 9, 10, 11 

*AA 

7, 8, 9, 10, 11 

t0HA 

7, 8, 9, 10, 11 

tACE 

7, 8, 9, 10, 11 

WRITE CYCLE 

twc 

7, 8, 9, 10, 11 

tsCE 

7, 8, 9, 10, 11 

tAW 

7, 8, 9, 10, 11 

tHA 

7, 8, 9, 10, 11 

tsA 

7, 8, 9, 10, 11 

tpWE 

7, 8, 9, 10, 11 

tsD 

7, 8, 9, 10, 11 

tHD 

7, 8, 9, 10, 11 


Document #: 38-00115 
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CY7C189 

CY7C190 


nVPPTTQC: 

SEMCONDUCTOR 


16 x 4 Static R/W RAM 


Features 

• Fully decoded, 16 word x 4-bit high- 
speed CMOS RAMs 

• Inverting outputs CY7C189 

• Non-inverting outputs CY7C190 

• High speed 

— 15 ns and 25 ns (commercial) 

— 25 ns (military) 

• Low power 

— 303 mW at 25 ns 

— 495 mW at 15 ns 

• Power supply 5V ± 10% 

• Advanced high-speed CMOS process- 
ing for optimum speed/power product 

• Capable of withstanding greater than 
2001V static discharge 


• Three-state outputs 

• TTL-compatible interface levels 

Functional Description 

The CY7C189 and CY7C190 are extreme- 
ly high performance 64-bit static RAMs or- 
ganized as 16 words by 4 bits. Easy memory 
expansion is provided by an active LOW 
chip select (CS) input and three-state out- 
puts. The devices are provided with inverting 
(CY7C189) and non-inverting (CY7C190) 
outputs. 

Writing to the device is accomplished when 
the chip select (CS) and write enable (WE) 
inputs are both LOW. Data on the four 
data inputs (D 0 through D 3 ) is written into 
the memory location specified on the ad- 
dress pins (Ao through A 3 ). The outputs 
are preconditioned such that the correct 
data is present 


at the data outputs (O 0 through 0 3 ) when 
the write cycle is complete. This precondi- 
tion operation insures minimum write re- 
covery times by eliminating the “write re- 
covery glitch.” 

Reading the device is accomplished by tak- 
ing c hip se lect (CS) LOW, while write en- 
able (WE) remains HIGH. Under these 
conditions, the contents of the memory lo- 
cation specified on the address pins will 
appear on the four output pins (O 0 
through 0 3 ) in inverted (CY7C189) or 
non-inverted (CY7C190) format. 

The four output pins remain in high-impe- 
dance state whe n chip select (CS) is HIGH 
or write enable (WE) is LOW. 


Logic Block Diagram 

CY7C189 


Pin Configurations 



CY7C190 




LCC 
Top View 


8I8S§< 



Selection Guide 



7089- 15 

7090- 15 

7089- 25 

7090- 25 

Maximum Access Time (ns) 

Commercial 

15 

25 

Military 


25 

Maximum Operating Current (mA) 

Commercial 

90 

55 

Military 


70 
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CY7C189 

CY7C190 



Maximum Rating 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature - 65 °C to + 150 °C 

Ambient Temperature with 

Power Applied - 55 °C to + 125 °C 

Supply Voltage to Ground Potential 

(Pin 16 to Pin 8) - 0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State - 0.5V to + 7.0V 

DC Input Voltage - 3.0V to + 7.0V 

Output Current, into Outputs (Low) 10 mA 


Static Discharge Voltage > 2001V 

(per MIDSTD-883, Method 3015) 

Latch-Up Current >200 mA 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70 °C 

5V ± 10% 

Military* 1 * 

- 55 °C to + 125 °C 

5V ± 10% 


Electrical Characteristics Over the Operating Range 121 


Parameters 

Description 

Test Conditions 

7089- 15 

7090- 15 

7089- 25 

7090- 25 

Units 

Min. 

Max. 

Min. 

Max. 

V 0H 

Output HIGH Voltage 

V C c = Min., I 0 h = - 5.2 mA 

mm 




Kfli 

Vql 

Output LOW Voltage 

V C c = Min., I OL = 16.0 mA 


0.45 




V IH 

Input HIGH Voltage 


2.0 

129 

20 

Vcc 

K99 

V 1L 

Input LOW Voltage 


-3.0 

0.8 

-3.0 

0.8 


Itx 

Input Leakage Current 

GND < Vi < V cc 

- 10 

+ 10 

- 10 

+ 10 

pA 

VcD 

Input Diode Clamp Voltage 


Note 3 

Note 3 


loz 

Output Leakage Current 

GND<Vo<V cc 

-40 

+ 40 

-40 

+ 40 

|iA 

los 

Output Short Circuit Current * 4 * 

Vcc = Max., Vqut = GND 


-90 


-90 

mA 

los 

Power Supply Current 

V C c = Max., 

Iout — 0 mA 

Com’l 


90 


55 

mA 

Mil 




70 

mA 


Capacitance * 51 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Qn 

Input Capacitance 


4 

pF 

CqUT 

Output Capacitance 


7 

pF 


Notes: 

1. Ta is the “instant on” case temperature. 

2. See the last page of this specification for Group A subgroup testing 
information. 

3. The CMOS process does not provide a clamp diode. However these 
devices are insensitive to - 3V DC input levels and - 5V undershoot 
pulses of less than 5 ns (measured at 50% points). 


4. Not more than 1 output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 

5 . Tested initially and after any design or process changes that may affect 
these parameters. 
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CY7C190 



_ CYPRESS 
F SEMRDONDUCTOR 


AC Test Loads and Waveforms 

R1 239.0. 

5V ® V 


OUTPUT®- 


30 pF 


INCLUDING 
JIG AND 
SCOPE 


5V ®- 


OUTPUT®- 


R2 

Ison 


5pF -r 


INCLUDING 
JIG AND ‘ 
SCOPE 


R2 

150.fi. 


Equivalent to: 


(a) 

THEVENIN EQUIVALENT 

920, 

OUTPUT »- < WV 


(b) 


ALL INPUT PULSES 


3.0V 

GND 


1°*J 

S 

' 90% 

5 ns — ► 





ns 


Switching Characteristics Over the Operating Range 12 ' 6 ! 


Parameters 

Description 

7C189-15 

7C190-15 

7C189-25 

7C 190-25 

Units 

Min. 

Max. 

Min. 

Max. 

| READ CYCLE 

Irc 

Read Cycle Time 

15 


25 


ns 

Iaa 

Address to Data Valid' 71 


15 


25 

ns 

tACS 

CS LOW to Data Valid' 71 


12 


15 

ns 

tHZCS 

CS HIGH to High Z' 8 ' 91 


12 


15 

ns 

Ilzcs 

CS LOW to Low Z 


12 


15 

ns 

toHA 

Data Hold from Address Change 

5 


5 



WRITE CYCLE' 10 111 

two 

Write Cycle Time 

15 


20 


ns 

Ihzwe 

WE LOW to High Z' 8 ' 91 


12 


20 

ns 

Ilzwe 

WE HIGH to Low Z 


12 


20 

ns 

l AWF. 

WE HIGH to Data Valid' 71 


12 


20 

ns 

tpWE 

WE Pulse Width 

15 


20 


ns 

tsD 

Data Set-Up to Write End 

15 


20 


ns 

Ihd 

Data Hold from Write End 

0 


0 


ns 

tsA 

Address Set-Up to Write Start 

0 


0 


ns 

tHA 

Address Hold from Write End 

0 


0 


ns 


Notes: 

6. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5V, output loading of the spcified Iol^oh. and 
30-pF load capacitance. 

7. Ua, t AC s, and t A wE are tested with Cl = 30 pF as in part (a) of AC 
Test Loads. Timing is referenced to 1.5V on the inputs and outputs. 

8. Transition is measured at steady state HIGH level - 500 mV or steady 
state LOW level + 500 mV on the output from 1.5Vlevelon the input. 


9- t H zcs and tnzwE are tested with Cl = 5 pF as in part (b) of AC Test 
Loads. 

10. Output is preconditioned to data in (inverted or non-inverted) during 
write to insure correct data is present on all outputs when write is ter- 
minated. (No write recovery glitch.) 

1 1. The inter nal w rite time of the memory is defined by the overlap of CS 
LOW and WE LOW. Both signals must be LOW to initiate a write and 
either signal can terminate the write. 
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CY7C189 

CY7C190 



Switching Waveforms 

Read Cycle 



Write Cycle [12 - 13 > 



Notes: 

12. All measurements referenced to 1.5V 14. Transition is measured at steady state HIGH level - 500 mV orsteady 

13. Timing diagram represents one solution which results in optimum state LOW level +500 mV on the output from 1.5 V level on the input, 

cycle time. Timing may be changed in various applications as long as 

the worst case limits are not violated. 
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NORMALIZED t M NORMALIZED I 


CY7C189 

CY7C190 



Typical DC and AC Characteristics 


NORMALIZED I C c 



’ 4.0 4.5 5.0 5.5 6.0 


NORMALIZED I CC 

vs. AMBIENT TEMPERATURE 



-55 25 125 



SUPPLY VOLTAGE (V) 


AMBIENT TEMPERATURE (°C) 


OUTPUT VOLTAGE (V) 


NORMALIZED ACCESS TIME 



.61 I I I I 

4.0 4.5 5.0 5.5 6.0 

SUPPLY VOLTAGE (V) 


NORMALIZED ACCESS TIME 



-55 25 125 


AMBIENT TEMPERATURE (°C) 


OUTPUT SINK CURRENT 



0.0 1.0 2.0 3.0 4.0 


OUTPUT VOLTAGE (V) 


ACCESS TIME CHANGE 
vs. OUTPUT LOADING 



NORMALIZED I cc vs. FREQUENCY 



0 10 20 30 40 50 60 70 


CAPACITANCE (pF) 


FREQUENCY (MHz) 
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CY7C189 

CY7C190 


Bit Map 



COLUMN 

OUTPUTS 


ROW 0 

ROW 3 


Address Designators 


Address 

Name 

Address 

Function 

Pin 

Number 

Ao 

AXO 

1 

Ai 

AX1 

15 

A 2 

AYO 

14 

a 3 

AY1 

13 


Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

15 

CY7C189-15PC 

PI 

Commercial 


15 

CY7C190-15PC 

PI 

Commercial 


CY7C189-15DC 

D2 




CY7C190-15DC 

D2 



CY7C189-15LC 

L61 




CY7C190-15LC 

L61 


25 

CY7C189-25PC 

PI 

Commercial 


25 

CY7C190-25PC 

PI 

Commercial 


CY7C189-25DC 

D2 




CY7C190-25DC 

D2 



CY7C189-25LC 

L61 




CY7C190-25LC 

L61 



CY7C189-25DMB 

D2 

Military 



CY7C190-25DMB 

D2 

Military 


CY7C 189-25LMB 

L61 




CY7C190-25LMB 

L61 
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CY7C189 

CY7C190 


:h CYPRESS 
r SEMICONDUCTOR 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 

Subgroups 

V OH 

1,2,3 

V OL 

1, 2,3 

V IH 

1,2,3 

V IL Max. 

1, 2,3 

Iix 

1, 2,3 

loz 

1,2,3 

Icc 

1,2,3 



Switching Characteristics 


Parameters 

Subgroups 

READ CYCLE 

Irc 

7, 8, 9, 10, 11 

tACS 

7, 8, 9, 10, 11 

tonA 

7, 8, 9, 10, 11 

l AA 

7, 8, 9, 10, 11 

WRITE CYCLE 

twc 

7, 8, 9, 10, 11 

tpWE 

7, 8, 9, 10, 11 

tAWE 

7, 8, 9, 10, 11 

tsD 

7, 8, 9, 10, 11 

tHD 

7, 8, 9, 10, 11 

tsA 

7, 8, 9, 10, 11 

tHA 

7, 8, 9, 10, 11 


Document #: 38-00039-B 
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Features 

• Automatic power-down when 
deselected 

• Transparent write (7C191) 

• CMOS for optimum speed/power 

• High speed 

- 25 ns tAA 

• Low active power 

- 660 mW 

• Low standby power 

- 193 mW 

• TTL-compatible inputs and outputs 


• Capable of withstanding greater than 
2001V electrostatic discharge 

Functional Description 

The CY7C191 and CY7C192 are high-per- 
formance CMOS static RAMs organized as 
65,536 x 4 bits with separate I/O. Easy 
memory expansion is provided by active 
LOW chip enable (CE) and three-state 
drivers. They have an automatic power- 
down feature, reducing the power con- 
sumption by 71% when deselected. 
Writing to the device is accomplished when 
t he c hip enable (CE) and write enable 
(WE) inputs are both LOW. 


Data on the four input pins (Io through I 3 ) is 
written into the memory location specified 
on the address pins (Ao through Ai S ). 

Reading the device is accomplished by taking 
the chip ena ble (CE) LOW while the write 
enable (WE) reamins HIGH. Under these 
conditions the contents of the memory loca- 
tion specified on the address pins will appear 
on the four data output pins. 

The output pins stay i n hig h-impedance state 
when write enable (WE) is LOW (7C192 
only), or chip enable (CE) is HIGH. 

A die coat is used to insure alpha immunity. 



Selection Guide 


Maximum Access Time (ns) 


Maximum Operating 


Commercial 


Military 


7C191-25 

7C 192-25 

7091- 35 

7092- 35 

7091- 45 

7092- 45 

25 

35 

45 

120 

120 

120 

130 

130 

130 

35 

35 

35 


Maximum Standby Current (mA) 



























CYPRESS 

SEMICONDUCTOR 


CY7C191 

CY7C192 


Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature -65°Cto + 150 °C 

Ambient Temperature with 

Power Applied -55°Cto + 125 °C 

Supply Voltage to Ground Potential 

(Pin 28 to Pin 14) - 0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State - 0.5V to + 7.0V 

DC Input Voltage - 3.0V to + 7.0V 

Output Current into Outputs (Low) 20 mA 


Static Discharge Voltage > 2001V 

(per MIL-STD-883, Method 3015) 

Latch-Up Current >200 m A 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70 °C 

5V ± 10% 

Military 111 

- 55 °C to + 125 °C 

5V ± 10% 
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7C191-25, 35, 45 
7C192-25, 35, 45 


Parameters 

Description 

Test Conditions 


Min. 

Max. 

Units 

VoH 

Output HIGH Voltage 

Vcc = Min., Ion = - 4.0 mA 

2.4 


V 

VoL 

Output LOW Voltage 

Vcc = Min., I OL = 8.0 mA 


0.4 

V 

V,H 

Input HIGH Voltage 


2.2 

Vcc 

V 

V IL 

Input LOW Voltage 


-3.0 

0.8 

V 

I|X 

Input Load Current 

GND iV,i V cc 

-10 

+ 10 

M-A 

loz 

Output Leakage 

Current 

GND <. V 0 <L Vcc, 

Output Disabled 

-10 

+ 10 

M-A 

los 

Output Short 

Circuit Current 131 

Vcc = Max., V out — GND 


-350 

mA 

Icc 

V C c Operating Supply 

Current 

V C c = Max. 

Com’l 


120 

mA 


Iout ” 0 mA 

Mil 


130 


IsBl 


Max. Vcc, CE _> Vi H , 

Min. Duty Cycle = 100% 


35 

mA 

IsB2 

Automatic CE 

Power-Down Current 

Max. Vcc, CE it V cc - 0.3V, 

V, N >. Vcc - 0.3V or V IN <_ 0.3V 


20 

mA 


Capacitance 141 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Qn 

Input Capacitance 

T a = 25 °C, f = 1 MHz 

V cc = 5.0V 

5 

pF 

CqUT 

Output Capacitance 

7 

pF 


Notes: 

1. Ta is the “instant on” case temperature. 3. Not more than 1 output should be shorted at one time. Duration of 

2. See the last page of this specification for Group A subgroup testing 'he short circuit should not exceed 30 seconds. 

information. 4. Tested initially and after any design or process changes that may affect 

these parameters. 
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CY7C191 

CY7C192 



AC Test Loads and Waveforms 


R1 481,0, R14810. 



Equivalent to: THlVENIN EQUIVALENT 

1670, 

OUTPUT O VA - — -O 1 ,73V 


Switching Characteristics Over the Operating Range 12 ' 51 


ALL INPLIT PULSES 

3.0V 
GND 

C191-5 




Notes: 

5. Test conditions assume signal transition time of 5 ns or less, timing ref- 
erence levels of 1.5V, input pulse levels of 0 to 3.0V, and output load- 
ing of the specified Iol^oh and 30-pF load capacitance. 

6. At any given temperature and voltage condition, tnz is le ss than tLz 
for any given device. These parameters are guaranteed and not 100% 
tested. 

7. tnzcE and *hzwe are specified with Cl = 5 pF as in part (b) of AC 

Test Loads. Transition is measured ± 500 mV from steady state volt- 
age. 

8. The inter nal w rite time of the memory is defined by the overlap of CE 
LOW and WE LOW. Both signals must be LOW to initiate a write and 


either signal can terminate a write by going HIGH. The data input set- 
up and hold timing should be referenced to the rising edge of the signal 
that terminates the write. 

9. WE is HIGH for read cycle. 

10. Device is continuously selected, CE = Vjl- (7C166: OE = Vn also). 

11. Address valid prior to or coincident with CE transition low. 

12. If CE goes HIGH simultaneously with WE HIGH, the output remains 
in a high-impedance state (7C192 only). 
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CY7C191 

CY7C192 


Switching Waveforms 

Read Cycle No. I 19, 101 




C191-6 


Read Cycle No. 2' 9 - “I 
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CY7C191 

CY7C192 



Switching Waveforms (continued) 
Write Cycle No. 2 (CE Controlled)! 8 ’ 12 1 



NORMALIZED SUPPLY CURRENT 



4.0 4.5 5.0 5.5 6.0 


NORMALIZED SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 



-55 25 125 



0.0 1.0 2.0 3.0 4.0 


SUPPLY VOLTAGE (V) 


AMBIENT TEMPERATURE (°C) 


OUTPUT VOLTAGE (V) 


NORMALIZED ACCESS TIME 



4.0 4.5 5.0 5.5 6.0 

SUPPLY VOLTAGE (V) 


NORMALIZED ACCESS TIME 



-55 25 125 


AMBIENT TEMPERATURE (°C) 


OUTPUT SINK CURRENT 
vs. OUTPUT VOLTAGE 



OUTPUT VOLTAGE (V) 
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CY7C191 

CY7C192 


. CYPRESS 
■ F SEMICONDUCTOR 


Typical DC and AC Characteristics (continued) 


TYPICAL POWER-ON CURRENT TYPICAL ACCESS TIME CHANGE 



SUPPLY VOLTAGE (V) CAPACITANCE (pF) 


NORMALIZED I cc vs. CYCLE TIME 

1.25 


S 100 

N 
_l 
< 

S 
DC 

o 0.75 

0.50 

10 20 30 40 

CYCLE FREQUENCY (MHz) 



Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

l 

CY7C191-25PC 

P21 

Commercial 

CY7C191-25VC 

V21 

CY7C191-25DC 

D22 

CY7C191-25LC 

L54 

CY7C 19 1-25D MB 

D22 

111 

CY7CJ91-25LMB 

L54 

CY7C191-25KMB " " 

":"K74 

35 

CY7C191-35PC 

P21 

Commercial 

CY7C191-35VC 

V21 

CY7C191-35DC 

D22 

CY7C191-35LC 

L54 

CY7C 19 1-35DMB 

D22 

Military 

CY7C191-35LMB 

L54 

CY7C191-35KMB 

K74 

45 

CY7C191-45PC 

P21 

Commercial 

CY7C191-45VC 

V21 

CY7C191-45DC 

D22 

CY7C191-45LC 

L54 

CY7C191-45DMB 

D22 

Military 

CY7C191-45LMB 

L54 

C Y7C 19 1-45KMB 

K74 


Shaded area contains preliminary information. 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

25 

CY7C192-25PC 

P21 

Commercial 

CY7C192-25VC 

V21 

CY7C192-25DC 

D22 

CY7C192-25LC 

L54 

CY7( 192-35DMB 

1)22 

Military 

C Y7C I92-35UMB ' 

154 

CY7C 192-35KM) 1 

K74 

35 

CY7C192-35PC 

P21 

Commercial 

CY7C192-35VC 

V21 

CY7C192-35DC 

D22 

CY7C192-35LC 

L54 

CY7C192-35DMB 

D22 

Military 

CY7C192-35LMB 

L54 

CY7C192-35KMB 

K74 

45 

CY7C192-45PC 

P21 

Commercial 

CY7C 192-45 VC 

V21 

CY7C192-45DC 

D22 

CY7C192-45LC 

L54 

CY7C192-45DMB 

D22 

Military 

CY7C192-45LMB 

L54 

CY7C192-45KMB 

K74 


Shaded area contains preliminary information. 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 


Parameters 

Subgroups 

V OH 

1,2,3 

VoL 

1,2,3 

V , H 

1,2,3 

V IL Max. 

1,2,3 

Iix 

1,2,3 

loz 

1,2,3 

los 

1, 2,3 

Icc 

1, 2,3 

IsBl 

1,2,3 

IsB2 

1,2,3 


CY7C191 

CY7C192 


Switching Characteristics 


Parameters 

Subgroups 

READ CYCLE 

Irc 

7, 8, 9, 10, 11 

Iaa 

7, 8, 9, 10, 11 

toHA 

7, 8, 9, 10, 11 

UcE 

7, 8, 9, 10, 11 

WRITE CYCLE 

twc 

7, 8, 9, 10, 11 

tsCE 

7, 8, 9, 10, 11 

tAW 

7, 8, 9, 10, 11 

tflA 

7, 8, 9, 10, 11 

tsA 

7, 8, 9, 10, 11 

tpWE 

7, 8, 9, 10, 11 

tsD 

7, 8, 9, 10, 11 

Ihd 

7, 8, 9, 10, 11 

tAWE^ 131 

7, 8, 9, 10, 11 

tAVE 113 * 

7, 8, 9, 10, 11 


Note: 

13. 7C191 only 


Document #: 38-00076-E 
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CYPRESS 

SEMICONDUCTOR 


CY7C194 

CY7C196 

65,536 x 4 Static R/W RAM 


Features 

• Automatic power-down when 
deselected 

• Output Enable (OE) feature (7C196) 

• CMOS for optimum speed/power 

• High speed 

- 25 ns tw 

• Low active power 

- 660 mW 

• Low standby power 

- 193 mW 

• TTL-compatible inputs and outputs 


• Capable of withstanding greater than 
2001V electrostatic discharge 

Functional Description 

The CY7C194 and CY7C196 are high-per- 
formance CMOS static RAMs organized as 
65,536 by 4 bits. Easy memory expansion is 
prov ided by active LOW chip enable(s) 
(CE on the CY7C194, CEi, CE 2 on the 
CY7C196) and three-state drivers. They 
have an automatic power-down feature, re- 
ducing the power consumption by 71% 
when deselected. 

Writing to the device is accomplished when 
the chip enable(s) (CE on the CY7C194, 


CEi, CE 2 on the CY7C196) and write enable 
(WE) inputs are both LOW. Data on the four 
input pins (I/Oo through I/O3) is written into 
the memory location, specified on the ad- 
dress pins (Aq through A15). 

Reading the device is accomplished by taking 
the chip enable(s) (CE on the CY7C194, 
CE 1; CE 2 on_the CY7C196) LOW, while 
write enable (WE) remains HIGH. Under 
these conditions the contents of the memory 
location specified on the address pins will ap- 
pear on the four data output pins. 

A die coat is used to ensure alpha immunity. 



Logic Block Diagram 


Pin Configurations 



i/o 3 

l/0 2 

I/O, 

l/Oo 


CE, (7C 196 only) 


WE 


(OE) 

(7C196 ONLY) 


C194-1 



Selection Guide 


7C 194-25 7C194-35 7C194-45 

7C196-25 7C196-35 7C196-45 


Maximum Access Time (ns) 

25 

35 

45 

Maximum Operating 

Commercial 

120 

120 

120 

Current (rtiA) 

Military 

130 

130 

130 

Maximum Standby Current (mA' 

) 

35 

35 

35 
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CY7C194 

CY7C196 



Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature - 65°C to + 150°C 

Ambient Temperature with 

Power Applied - 55 °C to + 125 °C 

Supply Voltage to Ground Potential - 0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State - 0.5V to + 7.0V 

DC Input Voltage - 3.0V to +7.0V 

Output Current into Outputs (Low) 20 mA 


Static Discharge Voltage > 2001V 

(per MIL-STD-883, Method 3015) 

Latch-Up Current >200 mA 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70 °C 

5V ± 10% 

Military 111 

- 55 °C to + 125 °C 

5V ± 10% 


Electrical Characteristics Over the Operating Range 121 






7C194-25, 35, 45 
7C196-25, 35, 45 


Parameters 

Description 

Test Conditions 


Min. 

Max. 

Units 

V OH 

Output HIGH Voltage 

V C c = Min., I 0 H = - 4.0 mA 

2.4 


99 

Vql 

Output LOW Voltage 

Vcc = Min., Iol =: 8.0 mA 


0.4 

mm 

v,„ 

Input HIGH Voltage 


2.2 

■29 

V 

V IL 

Input LOW Voltage 


-3.0 

0.8 

V 

Ik 

Input Load Current 

GND <. V t <. V cc 

-10 

+ 10 

pA 

loz 

Output Leakage 

Current 

GND<L Vo^LVcc, 

Output Disabled 

-10 

+ 10 

m-a 

los 

Output Short 

Circuit Current 131 

Vcc = Max., Vqut = GND 


-350 

mA 

Icc 

V C c Operating 

Supply Current 

Vcc = Max. 

Com’l 


120 

mA 


Iout = 0 mA 

Mil 


130 


IlSBI 

Automatic CE 

Power-Down Current 141 

Max. V cc , CEj> V| H , 

Min. Duty Cycle = 100% 


35 

mA 

IlSB@ 


Max. Vcc, CE>: V cc -0.3V, 

V, N _> Vcc - 0.3V or V, N <_ 0.3V 


20 

mA 


Capacitance 151 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Qn 

Input Capacitance 


5 

pF 

CqUT 

Output Capacitance 

7 

pF 


Notes: 

1. Ta is the “instant on” case temperature. 

2. See the last page of this specification for Group A subgroup testing 
information. 

3. Not more than 1 output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 


4. A pull-up resistor to Vcc on the CE input is required to keep the de- 
vice deselected during V C c power-up, otherwise Isswill exceed values 
given. 

5. Tested initially and after any design or process changes that may affect 
these parameters. 
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SEMOONDUCTCR ===== 

AC Test Loads and Waveforms 

R1 481X1 


INCLUDING 
JIG AND _ 
SCOPE ~ 


CY7C194 

CY7C196 


ALL INPUT PULSES 


INCLUDING 
JIG AND — 
SCOPE “ 



Equivalent to: THEVENIN EQUIVALENT 

167X1 

OUTPUT » W> O 1.73V 

Switching Characteristics Over the Operating Range (2 ’ 61 



Notes: 

6. Test conditions assume signal transition time of 5 ns or less, timing ref- 9. The internal write tim e of the memory is defined by the overlap of CEi 


erence levels of 1.5V, input pulse levels of 0 to 3.0V, and output load- 
ing of the specified Iol^oh and 30 pF load capacitance. 

7. At any given temperature and voltage condition, t H zcE is less than 
Ilzce for any given device. 

8. t H zcE and tnzwE are specified with Cl = 5 pF as in part (b) of AC 
Test Loads. Transition is measured ± 500 mV from steady state volt- 
age. 


LOW, CE 2 LOW, and WE LOW. Both signals must be LOW to initiate 
a write and either signal can terminate a write by going HIGH. The 
data input set-up and hold timing should be referenced to the rising 
edge of the signal that terminates the write. 
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Switching Waveforms 

Read Cycle No. it 10 ’ “1 


ADDRESS 


DATA OUT 



PREVIOUS DATA VALID 


*RC 


XZXX 


CY7C194 

CY7C196 



DATA VALID 


C194-8 


Read Cycle No. 2' 10 ' 12 > 




C194-10 


Not es: 

10. WE is HIGH for read cycle. 12. 7C196 only: Data I/O will be high impedance if OE = V IH . 

11. Device i s con tinuously selected, CEi = V 1 L/CE 2 = V IL 13. If CE goes HIGH simultaneously with WE HIGH, the output remains 

(7C196: OE = V IL , CE 2 = V IL also). in a high-impedance state. 

12. Address valid prior to or coincident with CEi and CE 2 transition low. 
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CY7C194 

CY7C196 









CY7C194 

CY7C196 



Typical DC and AC Characteristics (continued) 


TYPICAL POWER-ON CURRENT TYPICAL ACCESS TIME CHANGE 



SUPPLY VOLTAGE (V) CAPACITANCE (pF) 


NORMALIZED I CC vs. CYCLE TIME 

1.25 

_8 

g 1.00 

N 
_1 
< 

£ 

DC 

o 0.75 


0.50 

10 20 30 40 

CYCLE FREQUENCY (MHz) 



7C194 Truth Table 


CE 

WE 

Inputs/Outputs 

Mode 

H 

X 

High Z 

Deselect/Power-Down 

L 

H 

Data Out 

Read 

L 

L 

Data In 

Write 


7C196 TVuth Table 


CE, 

ce 2 

WE 

OE 

Inputs/Outputs 

Mode 

H 

X 

X 

X 

High Z 

Deselect/Power- 

Down 

X 

H 

X 

X 

L 

L 

H 

L 

Data Out 

Read 

L 

L 

L 

X 

Data In 

Write 

L 

L 

H 

H 

High Z 

Deselect 
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CY7C194 

CY7C196 



Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

25 

CY7C194-25PC 

P13 

Commercial 

CY7C194-25VC 

V13 

CY7C194-25DC 

D14 

CY7C194-25LC 

L54 


CY7C194-25DMB 

DI4 

Military 

CY7C194-25LMB 

1.54 

CY7C 194-25K.MB 

1': K73 • 

35 

CY7C194-35PC 

P13 

Commercial 

CY7C194-35VC 

V13 

CY7C194-35DC 

D14 

CY7C194-35LC 

L54 

CY7C 194-35DMB 

D14 

Military 

CY7C194-35LMB 

L54 

CY7C194-35KMB 

K73 

45 

CY7C194-45PC 

P13 

Commercial 

CY7C 194-45 VC 

V13 

CY7C194-45DC 

D14 

CY7C194-45LC 

L54 

C Y7C 194-45DMB 

D14 

Military 

CY7C194-45LMB 

L54 

CY7C194-45KMB 

K73 


Shaded area contains preliminary information. 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

25 

CY7C196-25PC 

P21 

Commercial 

CY7C196-25VC 

V21 

CY7C196-25DC 

D22 

CY7C196-25LC 

L54 

CY7C196-25DMB : 

D22 

Military 

CY7C196-25LMB 

1-54 

C Y7C I96-25KM B •••: 

K74 

35 

CY7C 196-35 PC 

P21 

Commercial 

CY7C 196-35 VC 

V21 

CY7C196-35DC 

D22 

CY7C196-35LC 

L54 

CY7C196-35DMB 

D22 

Military 

CY7C196-35LMB 

L54 

C Y7C 196-35KMB 

K74 

45 

CY7C196-45PC 

P21 

Commercial 

CY7C196-45VC 

V21 

CY7C196-45DC 

D22 

CY7C196-45LC 

L54 

CY7C196-45DMB 

D22 

Military 

CY7C196-45LMB 

L54 

C Y7C 196-45KMB 

K74 


Shaded area contains preliminary information. 
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CYPRESS 

SEMICONDUCTOR 


CY7C194 

CY7C196 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 


Parameters 

Subgroups 

VoH 

1,2,3 

VOL 

1,2,3 

V ,» 

1,2,3 

Vjl Max. 

1,2,3 

Iix 

1,2,3 

loz 

1, 2,3 

los 

1,2,3 

Icc 

1, 2,3 

IsBl 

1,2,3 

IsB2 

1,2,3 


Switching Characteristics 


Parameters 

Subgroups 

READ CYCLE 

Irc 

7, 8, 9, 10, 11 

Iaa 

7, 8, 9, 10, 11 

toHA 

7, 8, 9, 10, 11 

UCE, ACE2 

7, 8, 9, 10, 11 

tDOE (15J 

7, 8, 9, 10, 11 

WRITE CYCLE 

twc 

7, 8, 9, 10, 11 

tsCE 

7, 8, 9, 10, 11 

tAW 

7, 8, 9, 10, 11 

tHA 

7, 8, 9, 10, 11 

tsA 

7, 8, 9, 10, 11 

tpWE 

7, 8, 9, 10, 11 

tsD 

7, 8, 9, 10, 11 

Ihd 

7, 8, 9, 10, 11 

tAWE 

7, 8, 9, 10, 11 

Iadv 

7, 8, 9, 10, 11 


Note: 

15. 7C196 only. 


Document #: 38-0008 1-D 
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CY7C197 



CYPRESS 


SEMICONDUCTOR 262,144 x 1 Static R/W RAM 


Features 

• Automatic power-down when 
deselected 

• CMOS for optimum speed/power 

• High speed 

- 25 ns 

• Low active power 

- 550 mW 

• Low standby power 

- 193 mW 

• TTL-compatible imputs and outputs 

• Capable of withstanding greater than 
2001V electrostatic discharge 


Functional Description 

The CY7C197 is a high-performance 
CMOS static RAM organized as 262,144 
words by 1 bit. Easy memory expansion is 
prov ided by an active LOW chip enable 
(CE) and three-state drivers. The CY7C197 
has an automatic power-down feature, re- 
ducing the power consumption by 65% 
when deselected. 

Writing to the device is accomplished when 
the c hip enable (CE) and write enable 
(WE) inputs are both LOW. Data on the in- 
put pin (D 1N ) is written into the memory lo- 
cation specified on the address pins (Ao 
through A 17 ). 


Reading the device is accomplished by taking 
chip enable (CE) LOW while write enable 
(WE) remains HIGH. Under these condi- 
tions the contents of the memory location 
specified on the address pins will appear on 
the data output (D 0 ut) pin. 

The output pin stays in high-impedance state 
when chip enable (CE)is HIGH or write en- 
able (WE) is LOW. 

The 7C197 utilizes a die coat to insure alpha 
immunity. 


Logic Block Diagram 


Pin Configurations 



D1P/SOJ 
Top View 



Cl 97-2 


LCC 
Top View 



C197-1 


Selection Guide 



7C197-25 

7C197-35 

7C197-45 

Maximum Access Current (ns) 

25 

35 

45 

Maximum Operating 

Current (mA) 

Commercial 

100 

100 

100 

Military 

110 

110 

110 

Maximum Standby Current (mA 


35 

35 

35 
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Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


CY7C197 


Storage Temperature -65°Cto + 150 °C 

Ambient Temperature with 

Power Applied -55°Cto + 125 °C 

Supply Voltage to Ground Potential 

(Pin 24 to Pin 12) - 0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State - 0.5V to + 7.0V 

DC Input Voltage - 3.0V to 4- 7.0V 

Output Current into Outputs (Low) 20 mA 


Static Discharge Voltage > 2001V 

(per MIUSTD-883, Method 3015) 

Latch-Up Current > 200 mA 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70°C 

5V ± 10% 

Military 111 

- 55 °C to + 125 °C 

5V ± 10% 


Electrical Characteristics Over the Operating Range 121 


Parameters 

Description 

Test Conditions 

7C197-25, 35, 45 

Units 

Min. 

Max. 

V 0H 

Output HIGH Voltage 

V C c = Min., I 0 h = - 4.0 mA 

KS 


V 

V 0L 

Output LOW Voltage 

Kasai 

Iol = 8.0 mA 

Mil 


0.4 

V 

Iol = 12.0 mA 

Com’l 


0.4 

V 

V IH 

Input HIGH Voltage 


2.2 

■SB 

V 

V il 

Input LOW Voltage 


-3.0 

0.8 

V 

Irx 

Input Load Current 

GND <_ V, <. V cc 

-10 

+ 10 

PA 

loz 

Output Leakage 

Current 

GND <, Vo<. V cc » 

Output Disabled 

-50 

+ 50 

jjlA 

los 

Output Short 

Circuit Current 13 ! 

Vcc — Max., Vqut = GND 


-350 

mA 

Icc 

Vcc Operating Supply 
Current 

Vcc = Max. 

Iout ~ 0 mA 

Com’l 


100 

mA 

Mil 


110 

IsBl 

Automatic CE 

Power-Down Current! 41 

Max. Vcc, CE >. V IH 


35 

mA 

IsB2 

Automatic CE 

Power-Down Current 141 

Max. Vcc, CE>: V cc -0.3V, 

V,N >. Vcc - 0.3V or V IN <_ 0.3V 


20 

mA 


Capacitance 15 ! 


Parameters 

Description 

Test Conditions 

Max. 

Units 

ClN 

Input Capacitance 


5 

pF 

CoUT 

Output Capacitance 

7 

pF 


Notes: 

1. Ta is the “instant on” case temperature. 

2. See the last page of this specification for Group A subgroup testing 
information. 

3. Not more than 1 output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 


4. A pull-up resistor to Vcc on the CE input is required to keep the de- 
vice deselected during Vcc power-up, otherwise Isb will exceed values 
given. 

5 . Tested initially and after any design or process changes that may affect 
these parameters. 


2-280 















































































CYPRESS 

SEMSDCNDUCTOR 


CY7C197 


AC Test Loads and Waveforms 


R1 329X1 
(480X1 MIL) 


5V O 

OUTPUT ° ■ 

30 pF a = 

INCLUDING 
JIG AND ■= 
SCOPE “ 


R2 

202X1 
(255X1 MIL) 


R1 329X1 
(480X1 MIL) 


5 V O 
OUTPUT 0 

5pF = = 

INCLUDING 
JIG AND _ 
SCOPE “ 


R2 

255X1 
(255 XI MIL) 


(a) 


(b) 


C197-4 


Equivalent to: THEVENIN EQUIVALENT 

125X1 

OUTPUT O <WV O 1 ,90V OUTPUT O- 

Commercial 


ALL INPUT PULSES 


3.0V 

GND 




Cl 97-5 


167X1 

VA O 1.73V 

Military 


Switching Characteristics Over the Operating Range 12 ’ 61 


Parameters 

Description 

7C197-25 

7C197-35 

7C 197-45 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

Irc 

Read Cycle Time 

25 


35 


45 


ns 

Iaa 

Address to Data Valid 


25 


35 


45 

ns 

toHA 

Output Hold from Address Change 

3 


3 


3 


ns 

tACE 

CE LOW to Data Valid 


25 


35 


45 

ns 

Ilzce 

CE LOW to Low Z 1?1 

3 


3 


3 


ns 

Ihzce 

CE HIGH to High Z 17, 81 

0 

13 

0 

15 

0 

20 

ns 

tpu 


0 


0 


0 


ns 

tpD 

CE HIGH to Power-Down 


20 


25 


30 

ns 

WRITE CYCLE 191 

twc 

Write Cycle Time 

25 


35 


45 


ns 

tsCE 

CE LOW to Write End 

20 


30 


40 


ns 

tAW 

Address Set-Up to Write End 

20 


30 


40 


ns 

t|1A 

Address Hold from Write End 

0 


0 


0 


ns 

tsA 

Address Set-Up to Write Start 

0 


0 


0 


ns 

tpWE 

WE Pulse Width 

20 


25 


30 


ns 

tsD 

Data Set-Up to Write End 

15 


17 


20 


ns 

Ihd 

Data Hold from Write End 

0 


0 


0 


ns 

tLZWE 

WE HIGH to Low Z 1?1 

3 


3 


3 


ns 

tHZWE 

WE LOW to High Z 17 ’ 81 

0 

13 

0 

15 

0 

20 

ns 


Notes: 

6. Tfest conditions assume signal transition time of 5 ns or less, timing ref- 
erence levels of 1.5 V, input pulse levels of 0 to 3.0V, and output load- 
ing of the specified Ioi/Ioh and 30 pF load capacitance. 

7. At any given temperature and voltage condition, tnzcE is less than 
Ilzce f° r an Y given device. 

8- Ihzce and tnzwE are specified with Cl = 5 pF as in part (b) in AC 
Test Loads and Waveforms. Transition is measured ± 500 mV from 
steady state voltage. 


9. The inter nal w rite time of the memory is defined by the overlap of CE 
LOW and WE LOW. Both signals must be LOW to initiate a write and 
either signal can terminate a write by going HIGH. The data input set- 
up and hold timing should be referenced to the rising edge of the signal 
that terminates the write. 
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CY7C197 


^sSsPJF CYPRESS 
~ ==»ir ^ SEMODNDUCTOR 

Switching Waveforms 

Read Cycle No. if 10 * u > 




Not es: 

10. WE is HIGH for read cycle. 

11. Device is continuously selected, CE = V]l. 


1 2. If CE goes HIGH simultaneously with WE HIGH, the output remains 
in a high-impedance state. 
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CY7C197 











CYPRESS 

SEMICONDUCTOR 


CY7C197 


Typical DC and AC Characteristics (continued) 


TYPICAL POWER-ON CURRENT TYPICAL ACCESS TIME CHANGE 



SUPPLY VOLTAGE (V) CAPACITANCE (pF) 


NORMALIZED I CC vs. CYCLE TIME 

1.25 


S 100 

N 
—I 
< 

2 
IT 

z 0 75 

0.50 

10 20 30 40 

CYCLE FREQUENCY (MHz) 



7C164 TVuth Table Ordering Information 


CE 

WE 

Inputs/Outputs 

Mode 

H 

X 

High Z 

Deselect/Power-Down 

L 

H 

Data Out 

Read 

L 

L 

Data In 

Write 



Ordering Code 

Package 

Type 

Operating 

Range 

25 

CY7C197-25PC 

P13 

Commercial 

CY7C 197-25 VC 

V13 

CY7C197-25DC 

D14 

CY7C 197-251X1 

L54 

CY7C197-25DMB 

D14 

Miiitaiy 

CY7C I97-25LMB 

L54 


CY7C197-25KMB 

K73 | 


35 

CY7C197-35PC 

P13 

Commercial 

CY7C197-35VC 

V13 

CY7C197-35DC 

D14 

CY7C197-35LC 

L54 

CY7C 197-35DMB 

D14 

Military 

CY7C197-35LMB 

L54 

CY7C197-35KMB 

K73 


CY7C197-45PC 

P13 

Commercial 

CY7C197-45VC 

V13 

CY7C197-45DC 

D14 

CY7C197-45LC 

L54 

CY7C 197-45DMB 

D14 

Military 

CY7C197-45LMB 

L54 

CY7C197-45KMB 

K73 


Shaded area contains preliminary information. 
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CY7C197 


-= == = =' #' ^^^texjctor 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 


Parameters 

Subgroups 

V OH 

1,2,3 

Vql 

1, 2,3 

V , H 

1, 2,3 

V, L Max. 

1, 2,3 

Iix 

1, 2,3 

loz 

1,2,3 

los 

1,2,3 

Icc 

1, 2,3 

IsBl 

1,2,3 

IsBl 

1,2,3 


Switching Characteristics 


Parameters 

Subgroups 

READ CYCLE 

tRC 

7, 8, 9, 10, 11 

Iaa 

7, 8, 9, 10, 11 

toHA 

7, 8, 9, 10, 11 

tACE 

7, 8, 9, 10, 11 

WRITE CYCLE 

twc 

7, 8, 9, 10, 11 

tsCE 

7, 8, 9, 10, 11 

tAW 

7, 8, 9, 10, 11 

tHA 

7, 8, 9, 10, 11 

tsA 

7, 8, 9, 10, 11 

tpWE 

7, 8, 9, 10, 11 

tsD 

7, 8, 9, 10, 11 

tHD 

7, 8, 9, 10, 11 


Document #: 38-00078-E 
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CY7C198 

CY7C199 


CYPRESS 
SEMICONDUCTOR 


32,768 x 8 Static R/W RAM 


Features 

• Automatic power-down when 
deselected 

• CMOS for optimum speed/power 

• High speed 

- 25 ns 

• Low active power 

- 825 mW 

• Low standby power 

- 193 mW 

• TTL-compatible inputs and outputs 

• Capable of withstanding greater 
than 2001V electrostatic discharge 


Functional Description 

The CY7C198 and CY7C199 are high-per- 
formance CMOS static RAMs organized as 
32,768 words by 8 bits. Easy memory expan- 
sion is provided by an active LOW chip en- 
able (CE) and active LOW output enable 
(OE) and three-state drivers. Both devices 
have an automatic power-down feature, re- 
ducing the power consumption by 77% 
when deselected. The CY7C199 is in the 
space-saving 300-mil-wide DIP package 
and leadless chip carrier. The CY7C198 is 
in the standard 600-mil-wide package. 

An active LOW write enable signal (WE) 
controls the writin g/rea din g op eration of 
the memory. When CE and WE inputs are 


both LOW, data on the eight data input/out- 
put pins (I/Oo through I/O7) is written into 
the memory location addressed by the ad- 
dress present on the address pins (Ao 
through A14). Reading the device is accom- 
plished by selecting the device and enabling 
the o utputs, CE and OE active LOW, while 
WE remains inactive or HIGH. Under these 
conditions, the contents of the location ad- 
dressed by the information on address pins 
is present on the eight data input/output 
pins. 

The input/output pins remain in a high-im- 
pedance state unless the chip is select ed, o ut- 
puts are enabled, and write enable (WE) is 
HIGH. A die coat is used to ensure alpha im- 
munity. 


Logic Block Diagram 



O T— 04 O Tt 


< < < < < 


l/Oo 

I/O, 

l/0 2 

I/O, 

I/O, 

l/0 6 

I/O, 

l/0 7 


C198-1 


Pin Configurations 


DIP/SOJ 
Top View 

As 
Ae 
A 7 
As 
Ag 
A,o 
A,, 

A , 2 
A, 3 
A , 4 

I/Oo 

I/O, 

I/O; 

GND 


C198-2 


: 

: 

: 

: 
c 
: 

: 

: 
c 
: 

: 

: 

C 13 
C 14 


1 

2 

3 

4 

5 

6 

7 7C199 22 

8 21 


3 Vcc 
3 WE 

J A, 

3 A, 

3 a 2 
3 A, 

3 OE 
3 Ao 
3 CE 
3 i/o 7 
3 I/O;, 
3 i/o 6 
3 i/o, 
3 i/o 3 



LCC 
Top View 



Selection Guide 



7C 198-25 

7C 199-25 

7C198-35 

7C199-35 

7C198-45 

7099-45 

7098- 55 

7099- 55 

Maximum Access Time (ns) 

25 

35 

45 

55 

Maximum Operating 

Current (mA) 

Commercial 

170 

150 

150 

150 

Military 


160 

160 

160 

Maximum Standby Current (mA 


35 

35 

35 

35 


2-286 





































r Jr CYPRESS 
F SEMICONDUCTOR 


CY7C198 

CY7C199 


Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature -65°Cto + 150°C 

Ambient Temperature with 

Power Applied -55°Cto + 125 °C 

Supply Voltage to Ground Potential 

(Pin 28 to Pin 14) - 0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State - 0.5V to + 7.0V 

DC Input Voltage - 3.0V to + 7.0V 

Output Current into Outputs (Low) 20 mA 

Electrical Characteristics Over the Operating Range 12 ' 


Static Discharge Voltage 

(per MII^STD-883, Method 3015) 
Latch-Up Current 


Operating Range 


> 2001V 
>200 mA 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70 °C 

5V ± 10% 

Military' 1 ' 

- 55 °C to + 125 °C 

5V ± 10% 



7098 - 25 

7099 - 25 


7098 - 35 , 45 , 55 

7099 - 35 , 45 , 55 


Description 


Output HIGH Voltage 


Output LOW Voltage 


Input HIGH Voltage 


Input LOW Voltage 


Input Load Current 


Output Leakage 
Current 


Output Short 
Circuit Current' 3 ' 


Automatic CE 
Power-Down Current 


Test Conditions 


V C c = Min., Iqh = - 4.0 mA 


cc = Min., Iql = 8.0 mA 



GND <_V\<_ V cc 


GND <_ Vj_<_ Vcc, 
Output Disabled 


Vcc ~ Max., Vout — GND 

V cc = Max. 

Iqut = 0 mA 



Max. Vcc, CE _> V cc - 0.3V 
V 1N _> V cc - 0.3V or V, N <. 0.3V 



Max. 

Units 


mm 

0.4 

m i 

Vcc 

mm 

0.8 

V 

+ 10 

p.A 

+ 10 

pA 

-300 

mA 

150 

mA 

160 


35 

mA 

20 

mA 


Capacitance' 4 ' 


Parameters 


Qn 


Description 

Test Conditions 

Input Capacitance 

T a = 25 °C, f = 1 MHz, 

V cc = 5.0V 

Output Capacitance 



Notes: 

1. T a is the “instant on” case temperature. 3. Not more than 1 output should be shorted at one time. Duration of 

2. See the last page of this specification for Group A subgroup testing the short circuit should not exceed 30 seconds. 

information. 4. Tested initially and after any design or process changes that may affect 

these parameters. 


2-287 














































































CY7C198 

CY7C199 



_ CYPRESS 
F SEMICONDUCTOR 


AC Test Loads and Waveforms 

R1 48m 

5V O AA 


OUTPUT®- 


30 pF “7 s 

INCLUDING 
JIG AND ST 
SCOPE 


(a) 


5V ®- 

OUTPUT®" 


R1 48m 


R2 

255 XL 


5pF T 

INCLUDING 
JIG AND ST 
SCOPE 


R2 

255XL 


(b) 


Equivalent to: 


THEVENIN EQUIVALENT 

167XL 

OUTPUT O — — — W V O 1 ,73V 


ALL INPUT PULSES 


3.0V 

GND 



10% 
,2.5 ns 



Switching Characteristics Over the Operating Range 12 ' 51 


Parameters 

Description 

7C198-25 

7C199-25 

7C 198-35 
7C199-35 

7C198-45 

7C199-45 

7C198-55 

7C199-55 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE | 

tRC 

Read Cycle Time 

25 


35 


45 


55 


ns 

f AA 

Address to Data Valid 


25 


35 


45 


55 

ns 

toHA 

Data Hold from Address Change 

3 


3 


3 


3 


ns 

tACE 



25 


35 


45 


55 

ns 

tDOE 



15 


20 


20 


20 

ns 

tLZOE 

OE LOW to Low Z 

3 


3 


3 


3 


ns 

tHZOE 

OE HIGH to High Zl 61 


13 


15 


20 


25 

ns 

Ilzce 

CE LOW to Low ZPt 

3 


3 


3 


3 


ns 

tHZCE 

CE HIGH to High Zl 6 71 


13 


15 


20 


25 

ns 

tpu 

CE LOW to Power-Up 

0 


0 


0 


0 


ns 

tpD 

CE HIGH to Power-Down 


20 


20 


25 


25 

ns 

WRITE CYCLE [8 1 

twc 

Write Cycle Time 

25 


35 


45 


50 


ns 

tsCE 

CE LOW to Write End 

20 


30 


40 


50 


ns 

tAW 

Address Set-Up to Write End 

20 


30 


40 


50 


ns 

tHA 

Address Hold from Write End 

0 


0 


0 


0 


ns 

tsA 

Address Set-Up to Write Start 

0 


0 


0 


0 


ns 

tpWE 

WE Pulse Width 

20 


25 


30 


40 


ns 

tsD 

Data Set-Up to Write End 

15 


17 


20 


25 


ns 

tHD 

Data Hold from Write End 

0 


0 


0 


0 


ns 

tHZWE 



13 


15 


20 


25 

ns 

tLZWE 

WE HIGH to Low Z 

3 


3 


3 


3 


ns 


Notes: 

5. Test conditions assume signal transition time of 5 ns or less, timing ref- 
erence levels of 1.5V, input pulse levels of 0 to 3.0V, and output load- 
ing of the specified Iol^oh and 30-pF load capacitance. 

6. tHzoE. tHZCE. and t H zwE are specified with Cl = 5 pF as in part (b) 
of AC Test Loads. Transition is measured ±500 mV from steady state 
voltage. 


7. At any given temperature and voltage condition, tnzcE is less than 
tLzcE f° r any given device. 

8. The inter nal w rite time of the memory is defined by the overlap of CE 
LOW and WE LOW. Both signals must be LOW to initiate a write and 
either signal can terminate a write by going HIGH. The data input set- 
up and hold timing should be referenced to the rising edge of the signal 
that terminates the write. 
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CY7C198 

CY7C199 


Switching Waveforms 

Read Cycle No. 1 [9,101 





ADDRESS } 

( > 

< 


*» Iaa ■ 

h toHA H 


1 


DATA OUT PREVIOUS DATA VALID ^ 


( DATA VALID 


C198-7 



Read Cycle No. 2' 10 ' “1 




Notes: 

9. Device is continuously selected. OE, CE = Vi L . 12. Data I/O is high impedance if OE = V 1H . 

10. Address valid prior to or coincident with CE transition low. 1 3. If CE goes HIGH simultaneously with WE HIGH, the output remains 

11. WE is HIGH for read cycle. in a high-impedance state. 
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CY7C198 

CY7C199 











CY7C198 

CY7C199 



Typical DC and AC Characteristics (continued) 


TYPICAL POWER-ON CURRENT TYPICAL ACCESS TIME CHANGE 



SUPPLY VOLTAGE (V) CAPACITANCE (pF) 


NORMALIZED I cc vs. CYCLE TIME 



CYCLE FREQUENCY (MHz) 


Truth Table 


CE 

WE 

OE 

Inputs/Outputs 

Mode 

H 

X 

X 

High Z 

Deselect/Power-Down 

L 

H 

L 

Data Out 

Read 

L 

L 

X 

Data In 

Write 

L 

H 

H 

High Z 

Deselect 
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CY7C198 

CY7C199 


Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

25 

CY7C198-25PC 

P15 

Commercial 

CY7C198-25DC 

D16 

35 

CY7C198-35PC 

P15 

Commercial 

CY7C198-35DC 

D16 

CY7C198-35DMB 

D16 

Military 

CY7C 198-35LMB 

L55 

45 

CY7C198-45PC 

P15 

Commercial 

CY7C198-45DC 

D16 

CY7C198-45DMB 

D16 

Military 

CY7C198-45LMB 

L55 

55 

CY7C198-55PC 

P15 

Commercial 

CY7C198-55DC 

D16 

CY7C 198-55DMB 

D16 

Military 

CY7C198-55LMB 

L55 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

25 

CY7C199-25PC 

P21 

Commercial 

CY7C 199-25 VC 

V21 

CY7C199-25DC 

D22 

CY7C199-25LC 

L54 

35 

CY7C199-35PC 

P21 

Commercial 

CY7C 199-35 VC 

V21 

CY7C199-35DC 

D22 

CY7C199-35LC 

L54 

C Y7C 199-35DMB 

D22 

Military 

C Y7C 199-35LMB 

L54 

C Y7C 199-35KMB 

K74 

45 

CY7C199-45PC 

P13 

Commercial 

CY7C199-45VC 

V13 

CY7C199-45DC 

D14 

CY7C199-45LC 

L54 

CY7C199-45DMB 

D14 

Military 

C Y7C 199-45LMB 

L54 

C Y7C 199-45KMB 

K74 

55 

CY7C199-55PC 

P13 

Commercial 

CY7C199-55VC 

V13 

CY7C199-55DC 

D14 

CY7C199-55LC 

L54 

CY7C 199-55DMB 

D14 

Military 

C Y7C 199-55LMB 

L54 

C Y7C 199-55KMB 

K74 
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CY7C198 

CY7C199 



MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 


Parameters 

Subgroups 

VOH 

1,2,3 

VoL 

1,2,3 

V, H 

1,2,3 

Vil Max. 

1,2,3 

Iix 

1,2,3 

loz 

1, 2,3 

los 

1,2,3 

Icc 

1,2,3 

IsBl 

1,2,3 

IsBl 

1,2,3 


Switching Characteristics 


Parameters 

Subgroups 

READ CYCLE 

tRC 

7, 8, 9, 10, 11 

Iaa 

7, 8, 9, 10, 11 

toHA 

7, 8, 9, 10, 11 

tACE 

7, 8, 9, 10, 11 

tDOE 

7, 8, 9, 10, 11 

WRITE CYCLE 

twc 

7, 8, 9, 10, 11 

tsCE 

7, 8, 9, 10, 11 

tAW 

7, 8, 9, 10, 11 

tHA 

7, 8, 9, 10, 11 

tsA 

7, 8, 9, 10, 11 

tpWE 

7, 8, 9, 10, 11 

tsD 

7, 8, 9, 10, 11 

tHD 

7, 8, 9, 10, 11 


Document i: 38-00077-F 
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CYPRESS 
SEMICONDUCTOR 


CY74S189, CY27LS03 
CY27S03, CY27S07 


16 x 4 Static R/W RAM 


Features 

• Fully decoded, 16 word x 4-bit high- 
speed CMOS RAMs 

• Inverting outputs 27S03, 27LS03, 
74S189 

• Non-inverting outputs 27S07 

• High speed 

— 25 ns 

• Low power 

- 210 mW (27LS03) 

• Power supply 5V ± 10% 

• Advanced high-speed CMOS process- 
ing for optimum speed/power product 

• Capable of withstanding greater than 
2001V static discharge 


• Three-state outputs 

• TTL-compatible inteface levels 

Functional Description 

These devices are high-performance 64-bit 
static RAMs organized as 16 words by 4 
bits. Easy memory expansion is provided 
by an active LOW chip select (CS) input 
and three-state outputs. The devices are 
provided with inverting and non-inverting 
outputs. 

Writing to the device is accomplished when 
the chip select (CS) and write enable (WE) 
inputs (D 0 through D 3 ) is written into the 
memory location specified on the address 
pins (Ao through A 3 ). The outputs are pre- 


conditioned so that the write data is pres- 
ent at the outputs when the write cycle is 
complete. This precondition operation en- 
sures minimum write recovery times by 
eliminating the “write recovery glitch.” 
Reading the device is accomplished by tak- 
ing chip select (CS) and outpu t en able 
(OE) LOW, while write enable (WE) re- 
mains HIGH. Under these conditions, the 
contents of the memory location specified 
on the address pins will appear on the four 
output pins (O 0 through 0 3 ) in inverted or 
non-inverted (CY27S07) format. 

The output pins remain in a high-impe- 
dance state when chi p se lect (CS) is 
HIGH, or write enable (WE) is LOW. 


Logic Block Diagram 

27S03, 27LS03, 74S189 


Pin Configurations 



27S07 




LCC 
Top View 

I8^z £< 



0 3 ( 5 3 ) 




Selection Guide (For higher performance and lower power, refer to the CY7C189/90 data sheet.) 



27S03A 

27S07A 

27S03, 27S07 
74S189 

27LS03 

Maximum Access Time (ns) 

Commercial 

25 

35 


Military 

25 

35 

65 

Maximum Operating Current (mA) 

Commercial 

90 

90 


Military 

100 

100 

38 
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CY74S189, CY27LS03 
CY27S03, CY27S07 



Maximum Rating 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature - 65 °C to + 150 °C 

Ambient Temperature with 

Power Applied - 55 °C to + 125 °C 

Supply Voltage to Ground Potential 

(Pin 16 to Pin 8) - 0.5V to +7.0V 

DC Voltage Applied to Outputs 

in High Z State - 0.5V to + 7.0V 

DC Input Voltage - 3.0V to + 7.0V 

Output Current, into Outpus (Low) 10 mA 


Static Discharge Voltage > 2001V 

(per MIUSTD-883, Method 3015) 

Latch-Up Current > 200 m A 


Operating Range 


Range 

Ambient 

Temperature 

V C c 

Commercial 

0°C to + 70°C 

5V ± 10% 

Military 111 

- 55 °C to + 125 °C 

5V ± 10% 


Electrical Characteristics Over the Operating Range 121 


Parameters 

Description 

Test Conditions 

74S189, 
27S03, 27S07 

27LS03 

Units 

Min. 

Max. 

Min. 

Max. 

V OH 

Output HIGH Voltage 

Vcc = Min., Ioh = “ 5.2 mA 

2.4 


2.4 


V 


Output LOW Voltage 

V C c = Min., Iol = 16.0 mA 


0.45 



V 

V cc ” Min., Iol “ 8.0 mA 




0.45 


V, H 

Input HIGH Voltage 


2.0 

^0991 

2.0 

EWi 

V 

V IL 

Input LOW Voltage 


-3.0 

0.8 

-3.0 

0.8 

V 

Iix 

Input Leakage Current 

GND < V, < V cc 

- 10 

+ 10 

- 10 

+ 10 

pA 

V C D 

Input Diode Clamp Voltage 


Note 3 

Note 3 


loz 

Output Leakage Current 

GND<Vo<V cc 

-40 

+ 40 

-40 

+ 40 

pA 

los 

Output Short Circuit Current 141 

Vcc ” Max., Vqut = GND 


-90 


-90 

mA 

los 

Power Supply Current 

V C c = Max., 

Iout — 0 mA 

Com’l 


90 



mA 

Mil 


100 


38 

mA 


Capacitance 151 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Qn 

Input Capacitance 


4 

pF 

CqUT 

Output Capacitance 

; ' : ; . . ■ • 

7 

£ 


Notes: 

1. Ta is the “instant on” case temperature. 

2. See the last page of this specification for Group A subgroup testing 
information. 

3. The CMOS process does not provide a clamp diode. However these 
devices are insensitive to - 3V DC input levels and - 5V undershoot 
pulses of less than 5 ns (measured at 50% points). 


4. Not more than 1 output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 

5. Tested initially and after any design or process changes that may affect 
these parameters. 
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r SEMKXM5UCT05 


AC Test Loads and Waveforms 

R1 239 XL 


5 V ®- 

OUTPUT®” 


30 pF -|” 

INCLUDING 
JIG AND 
SCOPE 


5 V ®- 

OUTPUT®” 


R1 239T1 


R2 

150X1 


5pF T 

INCLUDING 
JIG AND Tf 
SCOPE 


R2 

150X1 


(a) 


(b) 


Equivalent to: 


THEVENIN EQUIVALENT 

92X1 

OUTPUT ft . - - . 'WV 


CY74S189, CY27LS03 
CY27S03, CY27S07 


ALL INPUT PULSES 




Switching Characteristics Over the Operating Range P- 6] 


Parameters 

Description 

27S03A 

27S07A 

27S03 

27S07 

74S189 

27LS03 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE J 

tRC 

Read Cycle Time 

25 


35 


35 


65 


ns 

tAA 

Address to Data Valid [7 > 


25 


35 


35 


65 

ns 

tACS 



15 


17 


22 


35 

ns 

tHZCS 

CS HIGH to High Z t 8 - 9 - 10 1 


15 


20 


17 


35 

ns 

WRITE CYCLE l 6 - 11 12 1 

twc 

Write Cycle Time 

25 


35 


35 


65 


ns 

tsA 

Address Set-Up to Write Start 

0 


0 


0 


0 


ns 

tHA 

Address Hold from Write End 

0 


0 


0 


0 


ns 

tscs 






0 




ns 

tHCS 

CS Hold from Write End 





0 




ns 

tsD 

Data Set-Up to Write End 

20 


25 


20 


55 


ns 

tHD 

Data Hold from Write End 

0 


0 


0 


0 


ns 

tpWE 

WE Pulse Width 

20 


25 


20 


55 


ns 

tHZWE 



20 


25 


20 


35 

ns 

tAWE 

WE HIGH to Output Valid! 7 ' 


20 


35 


30 



35 

ns 


Notes: 

6. Tfest conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5V, output loading of the spcified Iol^oh and 
30-pF load capacitance. 

7. tAA. t A cs. and t A wE are tested with Cl = 30 pF as in part (a) of AC 
Ifest Loads. Timing is referenced to 1.5V on the inputs and outputs. 

8. Transition is measured at steady-state HIGH level - 500 mV orsteady- 
state LOW level +500 mV on the output from 1.5 V level on the input. 

9. t H zcs and t H zwE are tested with Cl = 5 pF as in part (b) of AC Test 
Loads. 


10. At any given temperature and voltage condition, tnzcs is less than 
Ilzcs for any given device. 

11. Output is preconditioned to data in (inverted or non-inverted) during 
write to insure correct data is present on all outputs when write is ter- 
minated. (No write recovery glitch.) 

12. The inter nal w rite time of the memory is defined by the overlap of CS 
LOW and WE LOW. Both signals must be LOW to initiate a write and 
either signal can terminates the write. 
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CY74S189, CY27LS03 
CY27S03, CY27S07 


-=^S r SEMICONDUCTOR 

Switching Waveforms 
Read Cycle 



Write Cycle [13, 141 



Notes: 

13. All measurements referenced to 1.5V. 14. Timing diagram represents one solution which results in optimum 

cycle time. Timing may be changed in various applications as long as 
the worst case limits are not violate. 
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CY74S189, CY27LS03 
CY27S03, CY27S07 



Bit Map 



COLUMN 

OUTPUTS 


ROW 0 

ROW 3 


Address Designators 


Address 

Name 

Address 

Function 

Pin 

Number 

Ao 

AXO 

1 

Ai 

AX1 

15 

A 2 

AYO 

14 

A 3 

AY1 

13 


Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

25 

CY27S03APC 

PI 

Commercial 

CY27S03ADC 

D2 

CY27S03ALMB 

L61 

Military 

CY27S03ADMB 

D2 

35 

CY27S03PC 

PI 

Commercial 

CY27S03DC 

D2 

CY27S03LC 

L61 

CY27S03LMB 

L61 

Military 

CY27S03DMB 

D2 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

35 

CY74S189PC 

PI 

Commercial 

CY74S189DC 

D2 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

25 

CY27S07APC 

PI 

Commercial 

CY27S07ADC 

D2 

CY27S07ALMB 

L61 

Military 

CY27S07ADMB 

D2 

35 

CY27S07PC 

PI 

Commercial 

CY27S07DC 

D2 

CY27S07LC 

L61 

CY27S07LMB 

L61 

Military 

CY27S07DMB 

D2 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

65 

CY27LS03LMB 

L61 

Military 

CY27LS03DMB 

D2 
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CY74S189, CY27LS03 
CY27S03, CY27S07 



MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 

Subgroups 

V OH 

1,2,3 

VoL 

1,2,3 

Vj H 

1,2,3 

V, L Max. 

1,2,3 

Iix 

1,2,3 

loz 

1,2,3 

Icc 

1,2,3 



Switching Characteristics 


Parameters 

Subgroups 

READ CYCLE 

tRC 

7, 8, 9, 10, 11 

tAA 

7, 8, 9, 10, 11 

tACS 

7, 8, 9, 10, 11 

WRITE CYCLE 

twc 

7, 8, 9, 10, 11 

tsA 

7, 8, 9, 10, 11 

t HA 

7, 8, 9, 10, 11 

tscs 

7, 8, 9, 10, 11 

Ihcs 

7, 8, 9, 10, 11 

tsD 

7, 8, 9, 10, 11 

Ihd 

7, 8, 9, 10, 11 

tpWE 

7, 8, 9, 10, 11 

t A WE 

7, 8, 9, 10, 11 


Document #: 38-00041-C 
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CYPRESS 
SEMICONDUCTOR 


CY93422A/93L422A 

CY93422/93L422 


256 x 4 Static R/W RAM 


Features 

• 256 x 4 static RAM for control stores 
in high-speed computers 

• Processed with high-speed CMOS for 
optimum speed/power 

• Separate inputs and outputs 

• Low power 

— Standard power: 

660 mW (commercial) 

715 mW (military 
— Low power: 

440 mW (commercial) 

495 mW (military) 

• 5-volt power supply ± 10% tolerance 
both commercial and military 

• Capable of withstanding greater than 
2001V static discharge 


Functional Description 

The CY93422 is a high-performance 
CMOS static RAM organized as 256 by 4 
bits. Easy memory expansion is provided 
by an active LOW chip select one (CSi) in- 
put, an active HIGH chip select two (CS 2 ) 
input, and three-state outputs. 

An active LOW write enable input (WE) 
controls the writing/reading operation of 
the memory. When the chip select one 
(CSi) and write enable (WE) inputs are 
LOW and the chip select two (CS 2 ) input 
is HIGH, the information on the four data 
inputs (D 0 to D 3 ) is written into the ad- 
dressed memory word and the output cir- 
cuitry is preconditioned so that the correct 
data is present at the outputs when the 


write cycle is complete. This precondition- 
ing operation insures minimum write re- 
covery times by eliminating the “write re- 
covery glitch.” 

Reading is performed with the chip select 
one (CSi) input LOW, the chi p sel ect two 
input (CS 2 ) and write enable (WE) inputs 
HIGH, and the output enable input (OE) 
LOW. The information stored in the ad- 
dressed word is read out on the four non- 
inverting outputs (O 0 to 0 3 ). 

The outputs of the memory go to an active 
high-impedance state whenever chip se- 
lect one (CSi) is HIGH, chip select two 
(CS 2 ) is LOW, output enable (OE) is 
HIGH, or during the w riting operation 
when write enable (WE) is LOW. 


Logic Block Diagram 


Pin Configuration 


Ao 

Ai 

A 2 

A3 

A 4 


A5 

A6 

a 7 



cs 2 

Cg, 

We 

m 

o 0 


0 2 

0 3 


LCC 
Top View 



gitPcftT 

a 


DIP 

Top View 

A 
A 2 

a, 

Ao 
A 5 
Ae 
Ay 
GND 
Do 
O 0 
D, 


422A-3 


C 1 

C 2 21 

[ 3 20 

C 4 19 

C 5 93422A 18 
r „ 93L422A 17 
J: 6 93422 17 
L 7 93L422 16 


C 8 

C 9 

C 10 

C ii 


] Vcc 

1 

] WE 

3 <55, 
3 OE 
cs 2 
0 3 
d 3 


d 3 


Selection Guide (For higher performance and lower power, refer to the CY7C122 data sheet.) 



93422A 

93L422A 

93422 

93L422 

Maximum Access Time (ns) 

Commercial 

35 

45 

45 

60 

Military 

45 

55 

60 

75 

Maximum Operating Current (mA) 

Commercial 

120 

80 

120 

80 

Military 

130 

90 

130 

90 
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C Y 93422 A/93L422 A 
CY93422/93L422 



j? CYPRESS 
W SEMKXDNDUCTOR 


Maximum Rating 

(Above which the useful life may he impaired. For user guidelines, not tested.) 


Storage Temperature - 65 °C to + 150 °C 

Ambient Temperature with 

Power Applied - 55 °C to + 125 °C 

Supply Voltage to Ground Potential 

(Pin 22 to Pin 8) - 0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Output State - 0.5V to + Vcc Max. 

DC Input Voltage - 0.5V to + 5.5V 

Output Current into Outputs (Low) 20 mA 

DC Input Current - 30 mA to + 5.0 mA 


Static Discharge Voltage > 2001V 

(per MIL-STD-883, Method 3015) 

Latch-Up Current >200 mA 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 75 °C 

5V ± 10% 

Military 111 

- 55 °C to + 125 °C 

5V ± 10% 


Electrical Characteristics Over the Operating Range 121 


Parameters 

Description 

Test Conditions 

93422 

93422A 

93L422 

93L422A 

Units 

Min. 

Max. 

Min. 

Max. 

V OH 

Output HIGH Voltage 

V C c = Min., Ioh = - 5.2 mA 

mm 


mm 


V 

Vql 

Output LOW Current 

Vcc = Min., Iol = 8.0 mA 


0.45 


0.45 

V 

E 

Input HIGH Level 131 

Guaranteed Input Logical HIGH 
Voltage for all Inputs 

2.1 


2.1 


m 

V IL 

Input LOW Level 131 

Guaranteed Input Logical LOW 
Voltage for all Inputs 


0.8 


0.8 

m 

IlL 

Input LOW Current 

V cc = Max., Vin = 0.4V 


-300 


-300 

P-A 

IlH 

Input HIGH Current 

V cc = Max., Vin = 4.5V 


40 


40 

pA 

Isc 

Output Short Circuit Current 141 

V cc = Max., Voux = 0.0V 


-90 


-90 

mA 

Icc 

Power Supply Current 

All Inputs = GND 
Vcc = Max. 



110 


70 

mA 



110 


70 



120 


80 



130 


90 

V CL 

Input Clamp Voltage 


See Note 5 

See Note 5 


IcEX 

Output Leakage Current 

Vqut = 2.4V 


50 


50 

pA 

Vqut = 0.5V, V cc = Max. 

-50 


-50 



Capacitance 161 


Parameters 

Description 

Test Conditions 

Max. 

Units 

ClN 

Input Capacitance 

ES ESfl ■ 

4 

pF 

Cqut 

Output Capacitance 

7 

PF 


Function Table 171 


Inputs 

Outputs 

o„ 

Mode 

CS 2 

CS, 

WE 

OE 

D„ 

L 

X 

X 

X 

X 

High Z 

Not Selected 

x 

H 

X 

X 

X 

High Z 

Not Selected 

H 

L 

H 

H 

X 

High Z 

Output Disable 

H 

L 

H 

L 

X 

Selected Data 

Read Data 

H 

L 

L 

X 

L 

High Z 

Write “O’ 

H 

L 

L 

X 

H 

High Z 

Write “V 


Notes: 

1. T a is the “instant on” case temperature. 3. These are absolute voltages with respect to device ground pin and in- 

2. See the last page of this specification for Group A subgroup testing elude all overshoots due to system and/or tester noise. Do not attempt 

information. 1° test these values without suitable equipment. 
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AC Test Loads and Waveforms 



R2 

600X1 


R2 

1200£l 


422A-4 


C Y 93422 A/ 93L422 A 
CY93422/93L422 


ALL INPUT PULSES 



Commercial Switching Characteristics Over the Operating Ranged 91 


Parameters 

Description 

93422A 

93L422A 

93422 

93L422 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

t lioi 

tpLH(A) 1 J 

tpHL(A) 

Delay from Address to Output 
(Address Access Time) 


35 


45 


45 


60 

ns 

tpZH(^l,CS2) 
tpZH (CS1CS2) 

Delay from Chip Select to Active 

Output and Correct Data 


25 


30 


30 


35 

ns 


Delay from Write Enable to Active 

Output and Correct Data (Write Recovery) 


25 


40 


40 


45 

ns 


Delay from Output Enable to Active 

Output and Correct Data 


25 


30 


30 


35 

ns 

ts (A) 

Set-Up Time Address (Prior to Initiation of Write) 

5 


5 


10 


5 


ns 

th (A) 

Hold Time Address (After Terminiation of Write) 

5 


5 


5 


5 


ns 

ts(DI) 

Set-Up Time Data Input 
(Prior to Initiation of Write) 

5 


5 


5 


5 


ns 

t h (DI) 

Hold Time Data Input 
(After Terminitation of Write) 

5 


5 


5 


5 


ns 

t s (CS 1; CS 2 ) 

Set-Up Time Chip Select 
(Prior to Initiation of Write) 

5 


5 


5 


5 


ns 

th (CSi, CS 2 ) 

Hold Time Chip Select 
(After Termination of Write) 

5 


5 


5 


5 


ns 

tpw(WE) 

Minimum Write Enable Pulse 

Width to Insure Write 

20 


40 


30 


45 


ns 

tpH7. (CS 1 , CS 2 ) 

tpLZ (CSi, CS 2 ) 

Delay from Chip Select to 

Inactive Output (High Z) 


30 


40 


30 


45 

ns 

tpHz (WE) 

tPLz(WE) 

Delay from Write Enable to 

Inactive Output (High Z) 


30 


40 


30 


45 

ns 

tpHZ (OE) 
tpLz (OE) 

Delay from Output Enable to 

Inactive Output (High Z) 


30 


40 


30 


45 

ns 
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CY 93422 A/93L422 A 
CY93422/93L422 



Military Switching Characteristics Over the Operating Range 18, 91 


Parameters 

Description 

93422A 

93L422A 

93422 

93L422 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

tpLH(A) 1101 

tpHL(A) 

Delay from Address to Output 
(Address Access Time) 


45 


55 


60 


75 

ns 

tpZH(CSl,CS2) 

tpzL(CSi,CS 2 ) 

Delay from Chip Select to Active 

Output and Correct Data 


35 


40 


45 


45 

ns 

ISSUlHi 

Delay from Write Enable to Active 

Output and Correct Data (Write Recovery) 


40 


45 


50 


50 

ns 

r >1 iW 

Delay from Output Enable to Active 

Output and Correct Data 


35 


40 


45 


45 

ns 

ts (A) 

Set-Up Time Address (Prior to Initiation of Write) 

5 


10 


10 


10 


ns 

th (A) 

Hold Time Address (After Terminiation of Write) 

5 


5 


5 


10 


ns 

t s (DI) 

Set-Up Time Data Input 
(Prior to Initiation of Write) 

5 


5 


5 


5 


ns 

t h (DI) 

Hold Time Data Input 
(After Terminitation of Write) 

5 


5 


5 


5 


ns 

t s (CSi, CS 2 ) 

Set-Up Time Chip Select 
(Prior to Initiation of Write) 

5 


5 


5 


5 


ns 

igum 

Hold Time Chip Select 
(After Termination of Write) 

5 


5 


5 


10 


ns 

tph(WE) 

Minimum Write Enable Pulse 

Width to Insure Write 

35 


40 


40 


45 


ns 

tpHz(CS!,CS2) 

tPLz(CSi,CS 2 ) 

Delay from Chip Select to 

Inactive Output (High Z) 


35 


40 


45 


45 

ns 

tpHz(WE) 

tpLz(WE) 

Delay from Write Enable to 

Inactive Output (High Z) 


40 


40 


45 


45 

ns 

tpHZ (QE) 
tpLz (OE) 

Delay from Output Enable to 

Inactive Output (High Z) 


35 


40 


45 


45 

ns 


Notes: 

4. Not more than one output should be shorted at a time. Duration of 
the short circuit should not be more than one second. 

5. The CMOS process does not provide a clamp diode. However, the 
CY93422 is insensitive to -3V DC input levels and -5V undershoot 
pulses of less than 10 ns (measured at 50% point). 

6. Tested initially and after any design or process changes that may affect 
these parameters. 

7. H = High Voltage Level, L = Low Voltage Level, X = Don’t Care. 
High Z implies outputs are disabled or off. This condition is defined 
as a high-impedance state for the CY93422. 

8. Vcc = 5V ± 10% and T A = 0°Cto + 75°C unless otherwise noted. 

9. tpzH (WE), tpzH (CSi, CS 2 ), and tpzH (OE) are measured with Si 
open, Cl = 15 pF, and with both the input and output timing refer- 


enced to 1.5V. tpzL (WE), tpzL (CSl CS 2 ), and tpz L (OE) are mea- 
sured with S] closed, Cl = 15 p F. an d with both the input and output 
timing referenced to 1.5V tpnz(WE). tpHz(CS!, CS 2 ), and t PH z(OE) 
are measured with Si open, Cl < 5 pF, and are measured between 
the 1 .5V level on the input to tlnTV oH - 500 mV level on the output. 
tpLz (WE), tpLz (CSi, C$ 2 ), and tpLz (OE) are measured with Si closed 
and Cl < 5 pF, and are measured between the 1.5V level on the input 
and the~VoL + 500 mV level on the output. 

10. tpLH(A) ar) d tpHL(A) are tested with Si closed and Cl = 15 pFwithboth 
input and output timing referenced to 1.5V. 

11. Switching delays from the address, output enable, and chip select in- 
puts to the data output. The CY93422 disabled output in the “OFF” 
condition is represented by a single center line. 
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CYFRESS 

SEMICONDUCTOR 


CY93422A/93L422A 

CY93422/93L422 


Switching Waveforms 

Read Cycle 1111 



DISABLED N ADDRESS j IN ADDRESS k OUTPUT OUTPUT IN ADDRESS i OUTPUT 

422A-6 


Write Cycle (with OE = LOW) 
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C Y 93422 A/93L422 A 
CY 93422/93L422 


— sSBB ? 

c CYPRESS 

=Sr / SEMKXDNDUCTCR 


Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

Standard Power 

Low Power 

35 

CY93422APC 


P7 

Commercial 

CY93422ADC 


D8 

CY93422ALC 


L54 

45 

CY93422PC 

CY93L422APC 

P7 

Commercial 

CY93422DC 

CY93L422ADC 

D8 

CY93422LC 

CY93L422ALC 

L54 

CY93422ADMB 


D8 

Military 

CY93422ALMB 


L54 

55 


CY93L422ADMB 

D8 

Military 


C Y 93L422ALMB 

L54 

60 


CY93L422PC 

P7 

Commercial 


CY93L422DC 

D8 


CY93LA22LC 

L54 

CY93422DMB 


D8 

Military 

CY93422LMB 


L54 

75 


CY93L422DMB 

D8 

Military 


CY93L422LMB 

L54 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 


Parameters 

Subgroups 

V oh 

1, 2,3 

Vql 

1,2,3 

V IH 

1,2,3 

Vil Max. 

1, 2,3 

IlL 

1, 2,3 

IlH 

1,2,3 

Icc 

1, 2, 3 

IcEX 

1,2,3 


Switching Characteristics 


Parameters 

Subgroups 

tpLH(A) 

7, 8, 9, 10, 11 

tpHL(A) 

7, 8, 9, 10, 11 

tpZH (CSi, CS2) 

7, 8, 9, 10, 11 

tpZL(CS], CS2) 

7, 8, 9, 10, 11 

tpzH (WE) 

7, 8, 9, 10, 11 

tpzL (WE) 

7, 8, 9, 10, 11 

tpzH (OE) 

7, 8, 9, 10, 11 

tpzL(OE) 

7, 8, 9, 10, 11 

ts (A) 

7, 8, 9, 10, 11 

lh (A) 

7, 8, 9, 10, 11 

t s (DI) 

7, 8, 9, 10, 11 

t h (DI) 

7, 8, 9, 10, 11 

t s (CS„ CS 2 ) 

7, 8, 9, 10, 11 

t h (CS!,CS 2 ) 

7, 8, 9, 10, 11 

t P w (WE) 

7, 8, 9, 10, 11 
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PRELIMINARY CYM1220 


CYPRESS 
SEMICONDUCTOR 


64K x 4 SRAM Module 


Features 

• Very high speed 256K SRAM module 
— Access time of 10 nsec. 

• 300-mil-wide hermetic DIP package 

• Low active power 

— 1.8W (max.) 

• SMD technology 

• TTL-compatible inputs and outputs 

• On-chip decode for speed and density 

• JEDEC pinout— compatible with 
7C194 monolithic SRAMs 

• Small PCB footprint 

— 0.36 sq. in. 


Functional Description 

The CYM1220 is an extremely high per- 
formance 256-kilobit static RAM 
module organized as 65,536 words by 
4 bits. This module is constructed using 
four 16K x 4 static RAMs in LCC pack- 
ages mounted on a 300-mil-wide ceramic 
substrate. Extremely high speed and 
density are achieved by using BiCMOS 
SRAMs containing internal address 
decoding logic. 

Writing to the module is accomplished 
when the chip enable (CE) and write en- 
able (WE) inputs are both LOW. Data on 
the four input pins (I/O 0 through I/0 3 ) 


of the device is written into the memory 
location specified on the address pins 
(Ao through Ai 5 ). 

Reading the device is accomplished by 
taking the chi p en able (CE) LOW, while 
write enable (WE) remains inactive or 
HIGH. Under these conditions, the 
contents of the memory location specified 
on the address pins (Ao through Ai 5 ) 
will appear on the four output pins 
(I/O 0 through I/0 3 ). 

The data output pins remain in a high- 
impedance state unless th e mo dule is 
selected and write enable (WE) is HIGH. 


Logic Block Diagram 


A 0 - A 15 


WE 



Pin Configuration 

DIP 

Top View 


A 6 C 

1 

24 

a 7 [I 

2 

23 

A 8 C 

3 

22 

a 9 C 

4 

21 

A 10 C 

5 

20 

A n c 

6 

19 

A 12 C 

7 

18 

A 13 C 

a 

17 

A 14 E 

9 

16 

A 15 E 

10 

15 

ceC 

11 

14 

GND C 

12 

13 


P1/O3 


Pl/Oo 


Selection Guide 



1220HD-10 

1220HD-12 

1220HD-15 

1220HD-20 

Maximum Access Time (ns) 

10 

12 

15 

20 

Maximum Operating 

Current (mA) 

Commercial 

325 

325 

325 


Military 


375 

375 

375 

Maximum Standby 

Commercial 

200 

200 

200 


Current (mA) 

Military 


250 

250 

250 
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PRELIMINARY CYM1220 


^=SS 5? SEMICONDUCTOR ' 

Maximum Ratings 

(Above which the useful life may be impaired) 


Storage Temperature -65°C to + 150°C 

Ambient Temperature with 

Power Applied -55 °C to + 125 °C 

Supply Voltage to Ground Potential -0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State -0.5V to + 7.0V 

DC Input Voltage -0.5V to + 7.0V 

Output Current into Outputs (Low) 20 mA 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70°C 

5V ± 10% 

Military 

-55 °C to + 125 °C 

5V ± 10% 


Electrical Characteristics Over the Operating Range 


Parameters 

Description 

Test Conditions 

CYM1220HD 

Units 

Min. 

Max. 

Voh 

Output HIGH Voltage 

Vcc = Min., Ioh = -4.0 mA 

2.4 


V 

V OL 

Output LOW Voltage 

V C c = Min., Iql = 8.0 mA 


0.4 

V 

Mh 

Input HIGH Voltage 


2.2 

\fcc 

V 

Ml 

Input LOW Voltage 01 


-0.5 

0.8 

V 

Iix 

Input Load Current 

gnd <. Vi <l Vcc 

-20 

+ 20 

M-A 

k)z 

Output Leakage Current 

GND <. Vq_<. Vcg Output Disabled 

-20 

+ 20 

M A 

icc 

Vcc Operating 

Supply Current 

Vcc = Max., I out = 0 mA , 
ce <lv il 

Commercial 


325 

mA 

Military 


375 

Isbi 

Automatic CE 

Power-Down Current 


Commercial 


200 

mA 

Military 


250 

ISB2 

Automatic CE 

Power-Down Current 

Vcc = Max., CE _> V C C~ 0.2V, 
V[n > - 0.2V or 

V IN <. 0.2V 

Commercial 


200 

mA 

Military 


250 


Capacitance^ 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Qn 

Input Capacitance 

T a = 25 °C, f = 1 MHz, 

25 

pF 

CqUT 

Output Capacitance 

V CC = 5.0V 

30 

pF 


Votes: 

L V ]L ( MIN ) =-3.0V for pulse widths less than 20 ns. 2. Tested on a sample basis. 


\C Test Loads and Waveforms 

48m 


48m 


5V O 
OUTPUT O 



5V O 
OUTPUT O 


T 

INCLUDING -±r 
JIG AND 
SCOPE 

(a) 


255a 



3.0V 


ALL INPUT PULSES 


T 

INCLUDING -±r 
JIG AND 
SCOPE 

(b) 


255n 


GND 




<_ 5 ns 


90% 

10 % 






90% 
10% 


<_ 5 ns 


2-307 











































































CYPRESS 

SEMICONDUCTOR 


PRELIMINARY CYM1220 


Switching Characteristics Over the Operating Range 131 


Parameters 

Description 

1220HD-10 

1220HD-12 

1220HD-15 

1220HD-20 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 


tRC 

Read Cycle Time 

10 


12 


15 


20 


ns 

tAA 

Address to Data Valid 


10 


12 


15 


20 

ns 

tOHA 

Data Hold from Address Change 

2 


3 


3 


3 


ns 

tACE 

CE LOW to Data Valid 


10 


12 


15 


20 

ns 

tLZCE 

CE LOW to Low Z 

2 


3 


3 


3 


ns 

tHZCE 

CE HIGH to High Z) 3 4 5 ' 


6 


8 


8 


8 

ns 

tpu 

CE LOW to Power Up 

0 


0 


0 


0 


ns 

tpD 

CE HIGH to Power Down 


10 


12 


15 


20 

ns 


twe 

Write Cycle Time 

10 


ma 


15 


20 


ns 

tSCE 

CE LOW to Write End 

8 


10 


12 


15 


ns 

tAW 

Address Set-up to Write End 

8 


10 


12 


15 


ns 

tHA 

Address Hold from Write End 

1 


i 


1 


1 


ns 

tSA 

Address Set-up from Write Start 

0 


0 


0 


0 


ns 

l PWE 

WE Pulse Width 

8 


10 


12 


15 


ns 

tSD 

Data Set-Up to Write End 

8 


10 


10 


10 


ns 

tHD 

Data Hold from Write End 

1 


1 


1 


1 


ns 

tLZWE 

■WE HIGH to Low Z 

3 


5 


5 


5 


ns 

tHZWE 

WE LOW to High Z [4 > 

0 

5 

0 

7 

0 

7 

0 

10 

Ml 


Notes: 


3. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5V, input levels of 0 to 3.0y and output loading 
of the specified IoiTIoh and 30-pF load capacitance. 

4. tnzcs and t H zwE are specified with Cl = 5 pF as in part (b) of AC 
Test Loads. Transition is measured ±500 mV from steady state 
voltage. 

5. The inter nal w rite time of the memory is defined by the overlap of CE 
LOW and WE LOW. Both signals must be LOW to initiate a write and 


Switching Waveforms 

Read Cycle No. I 16 71 



IRC 


ADDRESS ^ 

< ? 



J n 

< 

X 

o 


i 


DATA OUT PREVIOUS DATA VALID 


^ DATA VALID 


either signal can terminate a write by going HIGH. The data input 
set-up and hold timing should be referenced to the rising edge of the 
signal that terminates the write. 

6. WE is HIGH for read cycle. 

7. Device is continuously selected, CE = Vjl- 

8. Address valid prior to or coincident with CE transition low. 

9. If CE goes HIGH simultaneously with WE HIGH, the output re- 
mains in a high-impedance state. 


1220 


2-308 








































































































































CYPRESS 

SEMCONDUCTC* 


PRELIMINARY CYM1220 


Switching Waveforms (continued) 
Read Cycle No. 2 [6 81 



Write Cycle No. 1 (WE Controlled) (5] 
ADDRESS 




Wi 


DATA IN 


DATA OUT 


DATA UNDEFINED 


liZZZZ 




ae 


jf 


DATA-IN VALID 


EZZZZZZZZZ 




— t]_ZWE 
HIGH IMPEDANCE 


1220-7 


Write Cycle No. 2 (CE Controlled) (5,9] 



m t wc *| 


ADDRESS 


t 








T5e 

1 

s— 

/ 

mm 




M ■■ Bl 




k d 



5 


JSSZ 

^HD 

DATA IN 

3 


1 DATA-IN VALID 


e 

1 


^ ^HZWE * 

1 

1 

i 


DATA OUT 

DATA UNDEFINED 

_ 

; 





1220-8 
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CYPRESS 

SEMICONDUCTOR 


PRELIMINARY CYM1220 


Truth Table 


CE 

WE 

Inputs/Outputs 

Mode 

H 

X 

High Z 

Deselect/Power-Down 

L 

H 

Data Out 

Read Word 

L 

L 

Data In 

Write Word 


Ordering Information 


Speed 

Ordering Code 

Package 

Type 

Operating 

Range 

10 

CYM1220HD-10C 

HD08 

Commercial 

12 

C YM 1220HD- 12C 

HD08 

Commercial 

CYM 1220HD-12MB 

Military 

15 

CYM 1220HD-15C 

HD08 

Commercial 

CYM 1220HD- 15MB 

Military 

20 

CYM 1220HD-20MB 

HD08 

Military 
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PRELIMINARY CYM1240 



CYPRESS 
SEMICONDUCTOR 


256K X 4 SRAM Module 


Features 

• High-density 1-megabit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 25 ns 

• Low active power 

— 2.6W (max.) 

• SMD technology 

• TTL-compatible inputs and outputs 

• Low profile 

— Max. height of 0.3 in. 

• Small PCB footprint 

— 0.56 sq. in. 


Functional Description 

The CYM1240 is a very high performance 
1-megabit static RAM module organized 
as 256K words by 4 bits. This module is 
constructed using four 256K x 1 static 
RAMs in LCC packages mounted on a 
ceramic substrate with pins. It is socket- 
compatible with monolithic 256K x 4 
SRAMs. 

Writing to the module is accomplished 
when the chip select (CS) and write en- 
able (WE) inputs are both LOW. Data on 
the four input/output pins (I/O 0 - I/0 3 ) of 
the device is written into the memory 


location specified on the address pins (Aq 
through A 17 ). 

Reading the device is accomplish ed by 
taking chip select (CS) low while (WE) 
remains inactive or HIGH. Under these 
conditions, the contents of the memory 
location specified on the address pins 
(Ao through An) will appear on the 
appropriate data input/output pins 
(I/O 0 - 1/0 3 ). 

The data input/output pins remain in a 

high-impedance state when chip select 

(CS) is HIGH or when write enable (WE) 
is LOW. 


Logic Block Diagram 


Pin Configuration 


Ao*Al7 

WE 


CS 



l/Oo-l/Oa 


1240-1 


DIP 

Top View 


A 7 

A 8 

A 9 

A 10 

All 

A 12 

A 12 

A 14 

A 15 

A 16 

A 17 

CE 

NC 

v ss 


1240-2 


1 

28 

2 

27 

3 

26 

4 

25 

5 

24 

6 

23 

7 

22 

8 

21 

9 

20 

10 

19 

11 

18 

12 

17 

13 

16 

14 

15 


V CC 

Ae 

A 5 

A 4 

A 3 

A 2 

A, 

A 0 

NC 

l/0 3 

l/0 2 

I/O! 

I/O 0 
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1240HD-25 

1240HD-35 

1240HD-45 

Maximum Access Time (ns) 

25 

35 

45 

Maximum Operating 
Current (mA) 

Commercial 

480 

480 

480 

Military 

480 

480 

480 

Maximum Standby 
Current (mA) 

Commercial 

160 

160 

160 

Military 

160 

160 

160 


2-311 


































CYPRESS 

SEMKXJNDUCTOR 


Maximum Ratings 


PRELIMINARY CYM1240 


(Above which the useful life may be impaired) 


Storage Temperature -65°C to + 150°C 

Ambient Temperature with 

Power Applied -55 °C to + 125 °C 

Supply Voltage to Ground Potential -0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State -0.5V to + 7.0V 

DC Input Voltage -0.5V to + 7.0V 

Output Current into Outputs (Low) 20 mA 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to +70°C 

5V ± 10% 

Military 

-55 °C to + 125°C 

5V ± 10% 


Electrical Characteristics Over the Operating Range 


Parameters 

Description 

Test Conditions 

CYM1240HD 

Units 

Min. 

Max. 

VoH 

Output HIGH Voltage 

V C c = Min., I OH = -4.0 mA 

2.4 


V 


Output LOW Voltage 

V C c = Min., I 0 L = 8.0 mA 


0.4 

V 

V ,» 

Input HIGH Voltage 


2.2 

Vcc 

V 

V ,L 

Input LOW Voltage m 


-0.5 

0.8 

V 

Itx 

Input Load Current 

GND <lV! <.V cc 

-20 

+ 20 

pA 

loz 

Output Leakage Current 

GND <. V 0 <_ Vcc, Output Disabled 

-60 

+ 60 

pA 

Icc 

V cc Operating Supply 
Current 

Vcc ~ Max., Iout = 0 mA, CS <_ Vil 


480 

mA 

IsBl 

Automatic CS Power- 
Down Current 

V cc = Max., CS _> V IH , 

Min. Duty Cycle = 100% 


160 

mA 

IsD2 

Automatic CS Power- 
Down Current 

V cc = Max., CS ^ V cc - 0.2V, 

Vin >: V cc - 0.2V or V 1N <. 0.2V 


80 

mA 


Capacitance 121 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Qn 

Input Capacitance 

■mH 

40 

pF 

CoUT 

Output Capacitance 

25 

pF 


Notes: 

1. V IL ( MIN ) = -3.0V for pulse widths less than 20 ns. 2. Tested on a sample basis. 

AC Test Loads and Waveforms 


48m 


48m 



INCLUDING “ 
JIG AND 
SCOPE 


255SI 



INCLUDING - 
JIG AND 
SCOPE 


255a 


(a) 


(b) 1240-3 


3.0V 


GND 


/* 


< 5 ns 


ALL INPUT PULSES 

90% 

10 % 





1240-4 
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PRELIMINARY CYM1240 


Switching Characteristics Over the Operating Range 131 


Parameters 

Description 

1240HD-25 

1240HD-35 

1240HD-45 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

tRC 

Read Cycle Time 

25 


35 


45 


ns 

Iaa 

Address to Data Valid 


25 


35 


45 

ns 

toHA 

Data Hold from Address Change 

3 


3 


3 


ns 

tACS 

CS LOW to Data Valid 


25 


35 


45 

ns 

tLZCS 

CS LOW to Low Z 

3 


3 


3 


ns 

tHZCS 

CS HIGH to High Z' 4 J 


15 


25 


25 

ns 

tpu 

CS LOW to Power-Up 

0 


0 


0 


ns 

tpD 

CS HIGH to Power-Down 


25 


35 


45 

ns 

WRITE CYCLE 

twc 

Write Cycle Time 

25 


35 


45 


ns 

tscs 

CS LOW to Write End 

20 


30 


35 


ns 

tAW 

Address Set-Up to Write End 

20 


30 


35 


ns 

tHA 

Address Hold from Write End 

5 


5 


5 


ns 

tsA 

Address Set-Up from Write Start 

0 


2 


2 


ns 

tpWE 

WE Pulse Width 

20 


25 


30 


ns 

tsD 

Data Set-Up to Write End 

15 


20 


25 


ns 

1-HD 

Data Hold from Write End 

2 


2 


2 


ns 

tLZWE 

WE HIGH to Low Z 

3 


3 


3 


ns 

tftZWE 

WE LOW to High ZOI 

0 

15 

0 

25 

0 

25 

ns 


Notes: 

3. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5V, input levels of 0 to 3.0V and output loading 
of the specified Iol/Iqh and 30-pF load capacitance. 

4. tHzcs and Ihzwe are specified with Cl = 5 pF as in part (b) of 
AC Test Loads. Transition is measured ± 500 mV from steady state 
voltage. 

5. The inter nal w rite time of the memory is defined by the overlap of CS 
LOW and WE LOW. Both signals must be LOW to initiate a write and 
either signal can terminate a write by going HIGH. The data input 


set-up and hold liming should be referenced to the rising edge of the 
signal that terminates the write. 

6. WE is HIGH for read cycle. 

7. Device is continuously selected, CS = V IL . 

8. Address valid prior to or coincident with CS transition low. 

9. If CS goes HIGH simultaneously with WE HIGH, the output remains 
in a high-impedance state. 


Switching Waveforms 

Read Cycle No. 1 [6, 7] 
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CYPRESS 

SEMODNDUCTC* 


PRELIMINARY CYM1240 


Switching Waveforms (continued) 
Read Cycle No. 2 [6,8) 



Write Cycle No. 1 (WE Controlled) 151 



1240-7 


Write Cycle No. 2 (CS Controlled) 15,91 



m ^WC *| 


ADDRESS 3 


t 








3 




IHIHI 

r n 


k d 

JMWMWfWMWfMWMWm 



1^ H Ihd 

DATA IN ^ £~ 



^ *HZWE * 

1 

’EDANCE 

DATA OUT DATA UNDEFINED 

>| HIGH IMI 




1240-8 
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PRELIMINARY CYM1240 


Fruth Table 


cs 

WE 

Input/Outputs 

Mode 

H 

X 

High Z 

Deselect/Power-Down 

L 

H 

Data Out 

Read Word 

L 

L 

Data In 

Write Word 


Ordering Information 


Speed 

Ordering Code 

Operating 

Range 

25 

C YM 1240HD-25C 

Commercial 


CYM1240HD-25MB 

Military 

35 

C YM 1240HD-35C 

Commercial 


C YM 1240HD-35MB 

Military 

45 

C YM 1240HD-45C 

Commercial 


CYM 1240HD-45MB 

Military 
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PRELIMINARY CYM1400 


CYPRESS 
SEMICONDUCTOR 


32K x 8 SRAM Module 


Features 

• Very high speed 256K SRAM module 
— Access time of 10 nsec. 

• 300-mil-wide hermetic DIP package 

• Low active power 

- 2. 1W (max.) 

• SMD technology 

• TTL-compatible inputs and outputs 

• On-chip decode for speed and density 

• JEDEC pinout— compatible with 
7C199 monolithic SRAMs 

• Small PCB footprint 

— 0.42 sq. in. 


Functional Description 

The CYM1400 is an extremely high 
performance 256-kilobit static RAM 
module organized as 32,768 words by 
8 bits. This module is constructed using 
four 16K x 4 static RAMs in LCC pack- 
ages mounted on a 300-mil-wide ceramic 
substrate. Extremely high speed and 
density are achieved by using BiCMOS 
SRAMs containing internal address 
decoding logic. 

Writing to the module is accomplished 
when the chip enable (CE) and write en- 
able (WE) inputs are both LOW. Data on 
the eight input pins (I/O 0 through I/0 7 ) 


of the device is written into the memory 
location specified on the address pins 
(Ao through A M ). 

Reading the device is accomplished by 
taking the chip enable (CE) and output 
enab le (OE) LOW, while write enable 
(WE) remains inactive or HIGH. Under 
these conditions, the contents of the 
memory location specified on the address 
pins (Ao through A 14 ) will appear on the 
eight output pins (I/O 0 through I/0 7 ). 
The data output pins remain in a high- 
impedance state unless the module is 
selected , out puts are enabled, and write 
enable (WE) is HIGH. 


Logic Block Diagram 


Pin Configuration 


Ao - A 14 

UE 

UE 


WE 



l/O 0 - l/0 7 


DIP 

Top View 


A 5 c 

1 

28 

□Vcc 

Ag C 

2 

27 

DWE 

a 7 C 

3 

26 

□a 4 

Ae C 

4 

25 

D A 3 

Ag C 

5 

24 

2 A 2 

A io E 

6 

23 

3 A, 

An E 

7 

22 

DUE 

Ai 2 C 

8 

21 

DAo 

A 13 C 

9 

20 

DUE 

A i4 C 

10 

19 

di/o 7 

I/OqC 

11 

18 

D l/ 0 6 

I/O, C 

12 

17 

di/o 5 

I/O 2 C 

13 

16 

di/o 4 

GNDL 

14 

15 

Di/03 


1400-1 


1400-2 
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1400HD-10 

1400HD-12 

1400HD-15 

1400HD-20 

Maximum Access Time (ns) 

10 

12 

15 

20 

Maximum Operating 

Current (mA) 

Commercial 

375 

375 

375 


Military 


425 

425 

425 

Maximum Standby 

Commercial 

200 

200 

200 


Current (mA) 

Military 


250 

250 

250 
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PRELIMINARY CYM1400 



Maximum Ratings 


Above which the useful life may be impaired) 


storage Temperature -65°C to + 150°C 

\mbient Temperature with 

Power Applied -55°Cto +125°C 

supply Voltage to Ground Potential -0.5V to + 7.0V 

DC Voltage Applied to Outputs 

n High Z State -0.5V to +7.0V 

DC Input Voltage -0.5V to + 7.0V 

Dutput Current into Outputs (Low) 20 mA 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70°C 

5V ± 10% 

Military 

-55 °C to + 125 °C 

5V ± 10% 


Electrical Characteristics Over the Operating Range 


Parameters 

Description 

Test Conditions 

CYM1220HD 

Units 

Min. 

Max. 

Voh 

Output HIGH Voltage 

Vqc = Min., Ioh = -4.0 mA 

2.4 


V 

V OL 

Output LOW Voltage 

V C c = Min., Iql = 8.0 mA 


0.4 

V 

Mh 

Input HIGH Voltage 


2.2 

Vcc 

V 

Ml 

Input LOW Voltage [1] 


-0.5 

0.8 

V 

Iix 

Input Load Current 

GND <_ Vi <. Vcc 

-20 

+ 20 

pA 

k>Z 

Output Leakage Current 

GND <_ Vq<. Vcg Output Disabled 

-20 

+ 20 

pA 

Icc 

Vrr Operating 

Vcc = Max., I nr it = 0 mA, 

Commercial 


375 

mA 

Supply Current 

CE <.V IL 

Military 


425 

ISBl 

Automatic CE 

Vcc = Max., CE _> Vih, 

Commercial 


200 

mA 

Power-Down Current 


Military 


250 

ISB2 

Automatic CE 

Vcc = Max., CE _> V C c- 0.2V, 
Vj[\f >. \{^c - 0.2V or 

V IN <. 0.2V 

Commercial 


200 

mA 

Power-Down Current 

Military 


250 


Dapacitance^ 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Qn 

Input Capacitance 

T a = 25 °C, f = 1 MHz, 

25 

pF 

COUT 

Output Capacitance 

V CC = 5.0V 

30 

pF 


totes: 

Vil(min) =-3.0V for pulse widths less than 20 ns. 2. Tested on a sample basis. 


Test Loads and Waveforms 

48m 


48m 


sv a 

OUTPUT O 



5V O 
OUTPUT O 


T 

INCLUDING -i- 
JIG AND 
SCOPE 


2550. 



3.0V 


ALL INPUT PULSES 


T 

INCLUDING — 
JIG AND 
SCOPE 


255a 


GND 


/■ 


< 5 ns ■ 


90% 

10% 


I- 


90 


90% 

10 % 


- < 5 ns 


(a) 


(b) 
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Switching Characteristics Over the Operating Range 131 


Parameters 

Description 

1400HD-10 

1400HD-12 

1400HD-15 

1400HD-20 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

tRC 

Read Cycle Time 

10 


12 


15 


20 


ns 

tAA 

Address to Data Valid 


10 


12 


15 


20 

ns 

tOHA 

Data Hold from Address Change 

2 


3 


3 


3 


ns 

tACS 

CE LOW to Data Valid 


10 


12 


15 


20 

ns 

tDOE 

OE LOW to Data Valid 


8 


10 


10 


10 

ns 

tLZOE 

OE LOW to Low Z 

2 


2 


3 


3 


ns 

tHZOE 

OE HIGH to High Z 


8 


9 


9 


9 

ns 

tLZCE 

CE LOW to Low Z 

2 


3 


3 


3 


ns 

tHZCE 

CE HIGH to High ZJ 4) 


6 


8 


8 


8 

ns 

tpu 

CE LOW to Power-Up 

0 


0 


0 


0 


ns 

tPD 

CE HIGH to Power-Down 


10 


12 


15 


20 

ns 

WRITE CYCLE 

twc 

Write Cycle Time 

10 


12 


15 


20 


ns 

tSCE 

CE LOW to Write End 

8 


10 


12 


15 


ns 

tAW 

Address Set-Up to Write End 

8 


10 


12 


15 


ns 

tHA 

Address Hold from Write End 

1 


1 


1 


1 


ns 

tSA 

Address Set-Up from Write Start 

0 


0 


0 


0 


ns 


"WE Pulse Width 

8 


10 


12 


15 


ns 

tSD 

Data Set-Up to Write End 

8 


10 


10 


10 


ns 

tHD 

Data Hold from Write End 

1 


1 


1 


1 


ns 

<LZWE 

WE HIGH to Low Z 

3 


5 


5 


5 


ns 

tHZWE 

WE LOW to High Z 141 

0 

5 

0 

7 

0 

7 

0 

10 

ns 


Notes: 

3. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5 V, input levels of 0 to 3.0V, and output loading 
of the specified Iol/Ioh and 30-pF load capacitance. 

4. tnzcsand tHZWE are specified w ith Cl = 5 pF as in part (b)of ACTest 
Loads. Transition is measured ± 500 mV from steady state voltage. 

5. The inter nal w rite time of the memory is defined by the overlap of CE 
LOW and WE LOW. Both signals must be LOW to initiate a write and 
either signal can terminate a write by going HIGH. The data input 


set-up and hold timing should be referenced to the rising edge of the 
signal that terminates the write. 

6. WE is HIGH for read cycle. 

7. Device is continuously selected, CE = Vj. 

8. Address valid prior to or coincident with CE transition low. 

9. If CE goes HIGH simultaneously with WE HIGH, the output re- 
mains in a high-impedance state. 


Switching Waveforms 

Read Cycle No. 1 [6, 71 
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Switching Waveforms (continued) 
Read Cycle No. 2 16 ’® 1 

ZE 
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PRELIMINARY CYM1400 
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HIGH IMPEDANCE 


ICC 
- ISB 



1400-7 


iVrite Cycle No. 2 (CE Controlled)' 5,9 ' 
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Truth Table 


EE1 

mvrM 

Hrii 

Inputs/Outputs 

Mode 

■9 

X 

X 

WESSBKM 

Deselect/Power-Down 

L 

H 

wm 

Data Out 

Read Word 

L 

wa 

X 

Data In 

Write Word 

D 

H 

H 

High Z 

Deselect 
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Ordering Information 


Speed 

Ordering Code 

Package 

Type 

Operating 

Range 

10 

CYM1400HD-10C 

HD09 

Commercial 

12 

CYM1400HD-12C 

HD09 

Commercial 

C YM 1400HD- 12MB 

Military 

15 

CYM1400HD-15C 

HD09 

Commercial 

CYM1400HD-15MB 

Military 

20 

C YM 1400HD-20MB 

HD09 

Military 
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CYPRESS 
SEMICONDUCTOR 


128K x 8 Static RAM 
Module 


Features 

• High-density 1-megabit SRAM module 
» High-speed CMOS SRAMs 

— Access time of 30 ns 

• 32-pin, 0.6-in. -wide DIP package 

• JEDEC-compatible pinout 
» Low active power 

- 1.2W (max.) 

• Hermetic SMD technology 

» TTL-compatible inputs and outputs 

• Commercial and militaiy 
temperature ranges 


Functional Description 

The CYM1420 is a very high performance 
1-megabit static RAM module organized 
as 128K words by 8 bits. The module is 
constructed using four 32K x 8 static 
RAMs in leadless chip carriers mounted 
onto a double-sided multilayer ceramic 
substrate. A decoder is used to interpret 
the higher-order addresses A 1S and A i6 
and to select one of the four RAMs. 

Writing to the memory module is accom- 
plished when the chip select (CS) and 
write enable (WE) inputs are both LOW. 
Data on the eight input/output pins (I/O 0 


through I/O7) is written into the memory 
location specified on the address pins (Ao 
through A 16 ). Reading the device is 
accomplished by ta king chip select (CS), 
and out put e nable (OE) LOW, while write 
enable (WE) remains inactive or HIGH. 
Under these conditions, the contents of 
the memory location specified on the 
address pins will appear on the eight data 
input/output pins. 

The input/output pins remain in a high- 
impedance state unless the module is 
selected , out puts are enabled, and write 
enable (WE) is HIGH. 


Logic Block Diagram 


Pin Configuration 


A 0 - A 14 
BE 

we 


A-15 

Al 

B5 



DIP 

Top View 


NC 

A 16 
a 14 
A 12 

A 7 

A 6 

A 5 

a 4 

A 3 
A ? 


I/Op 


r 

32 

2 

31 

3 

30 

4 

29 

5 

28 

6 

27 

7 

26 

8 

25 

9 

24 

10 

23 

11 

22 

12 

21 

13 

20 

14 

19 

15 

18 

16 

17 


l/O 0 -l/O 7 


□ Vcc 
A 15 

□ NC 

□ WE 

□ A13 

□ A 8 

□ Ag 

□Be 1 

□ A 1( ) 
ES 
i/o 7 
i/o 6 
i/o 5 
i/o 4 

i/o 3 


Selection Guide 



1420HD-30 

1420HD-35 

1420HD-45 

1420HD-55 

Maximum Access Time (ns) 

30 

35 

45 

55 

Maximum Operating Current (mA) 

Commercial 

210 

210 

210 

210 

Military 



210 

210 

Maximum Standby Current (mA) 

Commercial 

140 

140 

140 

140 

Military 



140 

140 


2-321 





































CYM1420 


^^^#CYTFRESS 
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Maximum Ratings 

(Above which the useful life may be impaired) 


Storage Temperature -65°C to + 150°C 

Ambient Temperature with 

Power Applied -55 °C to + 125 °C 

Supply Voltage to Ground Potential -0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State -0.5V to + 7.0V 

DC Input Voltage -0.5V to + 7.0V 

Output Current into Outputs (Low) 20 mA 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to +70°C 

5V ± 10% 

Military 

-55 °C to + 125 °C 

5V ± 10% 


Electrical Characteristics Over the Operating Range 


Parameters 

Description 

Test Conditions 

CYM1420HD 

Units 

Min. 

Max. 

Voh 

Output HIGH Voltage 

Vcc = Min., Ioh = -4.0 mA 

2.4 


V 

VOL 

Output LOW Voltage 

V^c = Min., Iql = 8.0 mA 


0.4 

V 

Mh 

Input HIGH Voltage 


2.2 

Vcc 

V 

Ml 

Input LOW Voltage 


-0.5 

0.8 

V 

iix 

Input Load Current 

GND <. Vi <. V C C 

-15 

+ 15 

pA 

loz 

Output Leakage Current 

GND <. Vo_< Vcc» Output Disabled 

-15 

+ 15 

pA 

los 

Output Short Circuit 
Current 111 

Vice = Max., VouT = GND 


-300 

mA 

Icc 

Vcc Operating 

Supply Current 

Vcc = Max., I OUT = 0 mA 

CS = Vil 


210 

mA 

ISBl 

Automatic CS 

Power-Down Current [2] 

Max. Vcc. CS _> Vih. 

Min. Duty Cycle = 100% 


140 

mA 

ISB2 

Automatic CS 

Power-Down Current 121 

Max. Vcc, CS j> V C c - 0.3V, 

Vin > Vcc _ 0.3V or 

V IN <_ 0.3V 


80 

mA 


Capacitance [3] 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Qn 

Input Capacitance 

T a = 25 °C, f = 1 MHz, 

V C C = 5-OV 

35 

pF 

COUT 

Output Capacitance 

40 

pF 


Notes: 

1. Not more than 1 output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 


AC Test Loads and Waveforms 

R1 481 xi 


R1 48m 


5V O 
OUTPUT O 



5V O 
OUTPUT O 


R2 XI 


INCLUDING i 
JIG AND 
SCOPE 

(a) 



R2 XI 


INCLUDING i 
JIG AND 
SCOPE 

(b) 


Equivalent to: THEVENIN EQUIVALENT 


A pull-up resistor to V cc on the CS input is required to keep the de- 
vice deselected during Vcc power-up, otherwise Isb will exceed val- 
ues given. 

Tested on a sample basis. 


3.0V 

GND — — 
<_ 5 ns 


ALL INPUT PULSES 
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■O 1.73V 
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Switching Characteristics Over the Operating Range [4] 


Parameters 

Description 

1420HD-30 

1420HD-35 

1420HD-45 

1420HD-55 

Unit 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

tRC 

Read Cycle Time 

30 


35 


45 


55 


ns 

*AA 

Address to Data Valid 


30 


35 


45 


55 

ns 

tOHA 

Data Hold from Address Change 

3 


3 


5 


5 


ns 

tACS 

CS LOW to Data Valid 


30 


35 


45 


55 

ns 

tDOE 

OE LOW to Data Valid 


15 


18 


25 


30 

ns 

l LZOE 

OE LOW to Low Z 

0 


0 


0 


0 


ns 

tHZOE 

OE HIGH to High Z 


20 


20 


20 


25 

ns 

tLZCS 

CS LOW to Low Z' 6 ' 

5 


5 


5 


5 


ns 

tHZCS 

CS HIGH to High Z [5 ’ 61 


20 


20 


20 


25 

ns 

tpu 

CS LOW to Power-Up 

0 


0 


0 


0 


ns 

tPD 

CS HIGH to Power-Down 


30 


35 


45 


55 

ns 

WRITE CYCLE 1?l 

twc 

Write Cycle Time 

30 


35 


45 


55 


ns 

tscs 

CS LOW to Write End 

25 


30 


40 


45 


ns 

tAW 

Address Set-Up to Write End 

25 


30 


40 


45 


ns 

tHA 

Address Hold from Write End 

5 


5 


5 


5 


ns 

tSA 

Address Set-Up to Write Start 

5 


5 


5 


5 


ns 

*PWE 

WE Pulse Width 

25 


25 


25 


30 


ns 

tSD 

Data Set-Up to Write End 

18 


18 


20 


25 


ns 

tHD 

Data Hold from Write End 

3 


3 


5 


5 


ns 

tLZWE 

WE HIGH to Low Z (6] 

5 


5 


5 


5 


ns 

tHZWE 

WE LOW to High Z [5,6) 

0 

15 

0 

15 

0 

15 

0 

25 

ns 


>totes: 


L Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5V, input levels of 0 to 3.0V and output loading 
of the specified Iol/Ioh and 30-pF load capacitance, 
i. tnzcs and tHzwE are specified with Cl = 5 pFas in part (b) of AC Test 
Loads. Transition is measured ± 500 mV from steady state voltage, 
i. At any given temperature and voltage condition t H zcs is less than 
t L zcs f° r any given device. These parameters are guaranteed and not 
100% tested. 

'. The inter nal w rite time of the memory is defined by the overlap of CS 
LOW and WE LOW. Both signals must be LOW to initiate a write and 


Switching Waveforms ll0] 

lead Cycle No. 1 [8, 91 



either signal can terminate a write by going HIGH. The data input 
set-up and hold timing should be referenced to the rising edge of the 
signal that terminates the write. 

8. WE is HIGH for read cycle. 

9. Device is continuously selected, CS = V IL and OE = Vj L . 

10. Address valid prior to or coincident with CS transition low. 

11. Data I/O will be high impedance if OE = V] H . 

12. If CS goes HIGH simultaneously with WE HIGH, the output remains 
in a high-impedance state. 
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Switching Waveforms (continued) 
Read Cycle No. 2 [8 ' 10] 
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ruth Table 


cs 

WE 

OK 

Input/Outputs 

Mode 

H 

X 

X 

High Z 

Deselect/Power-Down 

L 

H 

L 

Data Out 

Read 

L 

L 

X 

Data In 

Write 

L 

H 

H 

High Z 

Deselect 


)rdering Information 


Speed 

Ordering Code 

Package 

Type 

Operating 

Range 

30 

C YM 1420HD-30C 

HD04 

Commercial 

35 

C YM 1420HD-35C 

HD04 

Commercial 

45 

CYM 1420HD-45C 

HD04 

Commercial 


CYM1420HD-45MB 

HD04 

Military 

55 

CYM 1420HD-55C 

HD04 

Commercial 


CYM 1420HD-55MB 

HD04 

Military 
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CYPRESS 
SEMICONDUCTOR 


128Kx 8 Static RAM 
Module 


Features 

• High-density 1-megabit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 70 ns 

• 32-pin, 0.6-in.-wide DIP package 

• JEDEC-compatible pinout 

• Low active power 
— 660 mW (max.) 

• Hermetic SMD technology 

• TTL-compatible inputs and outputs 

• 2V data retention (L version) 


Functional Description 

The CYM1421 is a high-performance 
1-megabit static RAM module organized 
as 128K words by 8 bits. The module is 
constructed using four 32K x 8 static 
RAMs in leadless chip carriers mounted 
onto a double sided multilayer ceramic 
substrate. A decoder is used to interpret 
the higher-order addresses Ai S and A 16 
and select one of the four RAMs. 

Writing to the memory module is accom- 
plished when the chip select (CS) and 
write enable (WE) inputs are both LOW. 
Data on the eight input/output pins (I/Oo 


through I/O7) is written into the memory 
location specified on the address pins (Ao 

through A 16). Reading the device is 

accomplished by taking chip select (CS), 
and out put e nable (OE) LOW, while write 
enable (WE) remains inactive or HIGH. 
Under these conditions, the contents of 
the memory location specified on the 
address pins will appear on the eight data 
input/output pins. 

The input/output pins remain in a high- 
impedance state unless the module is 
selecte d, out puts are enabled, and write 
enable (WE) is HIGH. 


Logic Block Diagram 


Pin Configuration 


DIP 



Top View 


rt 16 

A m 

A 12 

a 7 

A 6 

A 5 

a 4 

a 3 

a 2 
A 1 
A o 


1 * 

32 

2 

31 

3 

30 

4 

29 

5 

28 

6 

27 

7 

26 

8 

25 

9 

24 

10 

23 

11 

22 

12 

21 

13 

20 

14 

19 

15 

18 

16 

17 


^ a 15 

□ NC 




l/0o - l/0 7 


1421-2 


1421-1 


Selection Guide 



1421HD-70 

1421HD-85 

Maximum Access Time (ns) 


70 

85 

Maximum Operating Current (mA) 

Commercial 

120 

120 

Maximum Standby Current (mA) 

Commercial 

70 

70 
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Vlaximum Ratings 

Above which the useful life may be impaired) 


itorage Temperature -65°C to + 150°C 

Ambient Temperature with 

’ower Applied -10°Cto+70°C 

lupply Voltage to Ground Potential -0.3V to + 7.0V 

)C Voltage Applied to Outputs 

n High Z State -0.3V to + 7.0V 

)C Input Voltage -0.3V to + 7.0V 

)utput Current into Outputs (Low) 50 mA 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to +70°C 

5V ± 10% 


Electrical Characteristics Over the Operating Range 


Parameters 

Description 

Test Conditions 

CYM1421HD 

Units 

Min. 

Max. 

Voh 

Output HIGH Voltage 

Vfcc Min., Ioh = -L0 mA 

2.4 


V 

Vol 

Output LOW Voltage 

Vcc ~ Min., Iql = 4.0 mA 


0.4 

V 

Mh 

Input HIGH Voltage 


2.2 

Vcc 

V 

Ml 

Input LOW Voltage 


-0.3 

0.8 

V 

Iix 

Input Load Current 

GND .<_ V i <_ V cc 

-10 

+ 10 

pA 

loz 

Output Leakage Current 

GND <_ Vo <- Vcc > Output Disabled 

-10 

+ 10 

M-A 

Icc 

Mec Operating 

Supply Current 

V~;C = Max., I OUT = 0 niA 

CS= Vil 


120 

mA 

ISB1 

Automatic CS 

Power-Down Current [2] 

Max. V ^ , CS j> Vjpj , 

Min. Duty Cycle = 100% 


70 

mA 

ISB2 

Automatic CS 

Power-Down Current (2) 

Max. V rr , CS" >. V rr - 0.2V, 

V IN > V cc -0- 2 Vor 

V IN <. 0.2V 


20 

mA 


Capacitance^ 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Qn 

Input Capacitance 

T a = 25 °C, f = 1 MHz 

35 

pF 

Qdut 

Output Capacitance 

v cc = 50V 

40 

pF 


otes: 

Not more than 1 output should be shorted at one time. Duration of 2. A pull-up resistor to Vcc on the CS input is required to keep the device 
the short circuit should not exceed 30 seconds. deselected during V cc power-up, otherwise Isb will exceed values 

given. 

3. Tested on a sample basis. 

lC Test Loads and Waveforms 


5V O 
DUTPUT O- 


INCIUDING 
JIG AND 
SCOPE 


Ri ioooa 


5V o- 


T 

I 


R2 

667.0. 


OUTPUT O 


INCLUDING 
JIG AND 
SCOPE 


(a) 

Equivalent to: THEVENIN EQUIVALENT 
400 a 

OUTPUT O wv O 2.0 V 


RI 1000O. 



3.0V 

GND — — 
_< 5 ns 


ALL INPUT PULSES 
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Switching Characteristics Over the Operating Range 141 


Parameters 

Description 

1421HD-70 

1421HD-85 

Units 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

tRC 

Read Cycle Time 

70 


85 


ns 

tAA 

Address to Data Valid 


70 


85 

ns 

tOHA 

Data Hold from Address Change 

5 


5 


ns 

tACS 

CS LOW to Data Valid 


70 


85 

ns 

‘DOE 

OE LOW to Data Valid 


40 


50 

ns 

tLZOE 

OE LOW to Low Z 

5 


5 


ns 

tHZOE 

OE HIGH to High Z 


30 


35 

ns 

Ilzcs 

CS LOW to Low Z 161 

5 


5 


ns 

tHZCS 

CS HIGH to High Z 15 ’ 61 


35 


35 

ns 

WRITE CYCLE 171 

twc 

Write Cycle Time 

70 


85 


ns 

tscs 

CS LOW to Write End 

65 


75 


ns 

tAW 

Address Set-Up to Write End 

65 


75 


ns 

tHA 

Address Hold from Write End 

10 


15 


ns 

tSA 

Address Set-Up to Write Start 

25 


25 


ns 

l PWE 

WE Pulse Width 

30 


35 


ns 

tSD 

Data Set-Up to Write End 

20 


20 


ns 

l HD 

Data Hold from Write End 

10 


10 


ns 

tLZWE 

WE LOW to Low Z (6] 

5 


5 


ns 

tHZWE 

WE HIGH to High Z 15 ' 6 ' 

0 

45 

0 

50 

ns 


Notes: 

4. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5V, input levels of 0 to 3.0V and output loading 
of the specified Ioi/Ioh and 30-pF load capacitance. 

5- fazes and tnzwE are specified with Cl = 5 pF as in part (b) of AC 
Test Loads. Transition is measured ±500 mV from steady state 
voltage. 

6. At any given temperature and voltage condition, tnzcs is less than 
Ilzcs for any given device. These parameters are guaranteed and not 
100% tested. 

7. The inter nal w rite time of the memory is defined by the overlap of CS 
LOW and WE LOW. Both signals must be LOW to initiate a write and 


either signal can terminate a write by going HIGH. The data input 
set-up and hold timing should be referenced to the rising edge of the 
signal that terminates the write. 

8. WE is HIGH for read cycle. 

9. Device is continuously selected, CS = Vjl and OE = V,L- 

10. Address valid prior to or coincident with CS transition low. 

11. Data I/O will be high impedance if OE = V IH . 

14. If CS goes HIGH simultaneously with WE HIGH, the output remains 
in a high-impedance state. 
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[)ata Retention Characteristics (L Version Only) 


Parameter 

Description 

Test Conditions 

CYM1421 

Units 

Min. 

Max. 

Vdr 

Vcc for Retention Data 

Vcc = 2.0V, 

CS j> V C c- 0.2V 

Mn-> v cc -0.2V 
or <_ 0.2V 

2.0 


V 

ICCDR 

Data Retention Current 


250 

mA 

tCDRl 131 

Chip Deselect to Data Retention Time 

0 


ns 

t R [13] 

Operation Recovery Time 

tRC' 12 ' 


ns 


Votes: 

12. tRc = Read Cycle Time. 13. Guaranteed, not tested. 


Data Retention Waveform 



DATA RETENTION MODE 


^CDR 

4.5V - ' 

V DR * 2V 7 

4.5V 


'/Z///7 

\ 

V, H 


' q 

K\\\\\ 
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Switching Waveforms t101 

Read Cycle No. 1 [8 ' 9) 



m t RC ► 


\DDRESS ^ 






* l AA" 

loHA ' 




IATA OUT 

PREVIOUS DATA VALID 


^ DATA VALID 
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CYM1421 


, _ cypress 

F SEMKXNDUCTC* ; 


[ruth Table 


cs 

WE 

OE 

Input/Outputs 

Mode 

H 

X 

X 

High Z 

Deselect/Power-Down 

L 

H 

L 

Data Out 

Read 

L 

L 

X 

Data In 

Write 

L 

H 

H 

High Z 

Deselect 


Ordering Information 


Speed 

Ordering Code 

Package 

Type 

Operating 

Range 

70 

CYM1421HD-70C 

HD04 

Commercial 


CYM 1421LHD-70C 

HD04 


85 

CYM1421HD-85C 

HD04 

Commercial 


CYM1421LHD-85C 

HD04 
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PRELIMINARY CYM1422 


CYPRESS 
SEMICONDUCTOR 


128K x 8 Static RAM 
Module 


Features 

• High-density 1-megabit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 30 ns 

• Low active power 

— 1.1W (max.) 

• SMD technology 

• TTL-compatible inputs and outputs 

• Low profile 

— Max. height of 0.65 in. 

• Small PCB footprint 

— 0.8 sq. in. 


Functional Description 

The CYM1422 is a high-performance 
1-megabit static RAM module organized 
as 128K words by 8 bits. This module is 
constructed using four 32K x 8 static 
RAMs in SOICs mounted onto a single 
sided multilayer epoxy laminate board 
with pins. A decoder is used to interpret 
the higher-order address A ]5 and A 16 and 
select one of the four RAMs. 

Writing to the memory module is accom- 
plished when the chip select (CS) and 
write enable (WE) inputs are both LOW. 
Data on the eight input/output pins (I/Oo 
through I/O 7 ) is written into the memory 


location specified on the address pins (Ao 
through Ai6). Reading the device is ac- 
complished by takin g chip select (CS) and 
output enab le (OE) LOW, while write 
enable (WE) remains inactive or HIGH. 
Under these conditions, the contents of 
the memory location specified on the 
address pins will appear on the eight data 
input/output pins. 

The input/output pins remain in a high- 
impedance state unless the module is 
selecte d, out puts are enabled, and write 
enable (WE) is HIGH. 


Logic Block Diagram 


WE 


A 15 

Al6 

E3 



1422-1 


Pin Configuration 

SIP 

Component Side 


A 7 C 
A 6 c 
A 5 C 
A 4 C 
A 3* 

WE=S| 

VCC C 
GND«= 

i/o 0 = 

I/O. c 

l/02=C 

1/03 3 

I/O 4=5- 

1/0 

|/o 6 *=C 

i/o 7 *=C 

cs=C 

OE=C 

A a «=C 


•=Q 


A 11=> 

A 12^- 

A 13=J 

A 14=^ 

A i5*i5 

a, b *=C 


1422-2 


Selection Guide 



1422PS-30 

1422PS-35 

1422PS-45 

1422PS-55 

Maximum Access Time (ns) 

30 

35 

45 

55 

Maximum Operating Current (mA) 

200 

200 

200 

200 

Maximum Standby Current (mA) 

140 

140 

140 

140 
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CYM1423 



pyppiTQC 

SEMICONDUCTOR 


128Kx 8 Static RAM 
Module 


Features 

* High-density 1-megabit SRAM module 

* High-speed CMOS SRAMs 
— Access time of 45 ns 

* 32-pin, 0.6-inch-wide DIP package 

* JEDEC-compatible pinout 

* Low active power 

— 1.2W (max.) 

* SMD technology 

» TTL-compatible inputs and outputs 
» Commercial temperature range 
» Small PCB footprint 

— 1.1 sq. in. 


Functional Description 

The CYM1423 is a high-performance 
1-megabit static RAM module organized 
as 128K words by 8 bits. This module is 
constructed using four 64K x 4 static 
RAMs in SOJ packages mounted onto an 
epoxy laminate board with pins. A de- 
coder is used to interpret the higher-order 
address and select two of the four RAMs. 
Writing to the module is accomplished 
when the chip select (CS) and write en- 
able (WE) inputs are both LOW. Data on 
the eight input/output pins (I/O 0 through 
I/O7) of the device is written into the 


memory location specified on the address 
pins (Ao through Ai 6 ). Reading the device 
is accomplished by taking chip select (CS) 
and out put e nable (OE) LOW, while write 
enable (WE) remains inactive or HIGH. 
Under these conditions, the contents of 
the memory location specified on the ad- 
dress pins (Ao through Aj 6 ) will appear on 
the eight input/output pins (I/O 0 through 

i/o 7 > 

The input/output pins remain in a high- 
impedance state unless the module is 
selected , out puts are enabled, and write 
enable (WE) is HIGH. 


Logic Block Diagram 


Pin Configuration 


A o 


- A 15 

wE 

Se 


A 16 


CS 



l/O 0 - l/0 7 


DIP 


Top View 
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1423-2 


Selection Guide 



1423PD-45 

1423PD-55 

1423PD-70 

Maximum Access Time (ns) 

45 

55 

70 

Maximum Operating Current (mA) 

210 

210 

210 

Maximum Standby Current (mA) 

80 

80 

80 
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sSpy^CTFRESS 

semodwductor 

Maximum Ratings 


CYM1423 


(Above which the useful life may be impaired) 


Storage Temperature -45°C to + 150°C 

Ambient Temperature with 

Power Applied -10°Cto+85°C 

Supply Voltage to Ground Potential -0.3V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State -0.3V to +7.0V 

DC Input Voltage -0.3V to + 7.0V 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to +70°C 

5V ± 10% 


Electrical Characteristics Over the Operating Range 


Parameters 

Description 

Test Conditions 

CYM1423PD 

Units 

Min. 

Max. 

VOH 

Output HIGH Voltage 

VqC — Min., Ioh = -4.0 mA 

2.4 


V 

VOL 

Output LOW Voltage 

Vqo = Min., Iql = 16.0 mA 


0.4 

V 

Mh 

Input HIGH Voltage 


2.2 

Vcc 

V 

Ml 

Input LOW Voltage 


-0.3 

0.8 

V 

Iix 

Input Load Current 

GND < V; < Vcc 

-10 

+ 10 

pA 

k>z 

Output Leakage Current 

GND <_ Vo .< Vcc> Output Disabled 

-10 

+ 10 

pA 

fee 

V c c Operating Supply 
Current 

Vcc = Max., I out = 0 mA > 
cs<.v IL 


210 

mA 

ism 

Automatic CS Power- 
Down Current 

Vcc = Max., CS _> Vih, 

Min. Duty Cycle = 100% 


80 

mA 

ISB2 

Automatic CS Power- 
Down Current 

Vcc = Max., CS >. Vcc- 0.2V, 

V IN >. V C c ~ 0 2V or V IN <. 0.2V 


80 

mA 


Capacitance 1 ' 1 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Qn 

Input Capacitance 

T a = 25 °C, f = 1 MHz, 

V CC = 5.0V 

35 

pF 

CoUT 

Output Capacitance 

25 

pF 


Note: 

1. Tested on a sample basis. 

AC Test Loads and Waveforms 


250X1 


5V O 
OUTPUT O- 


INCLUDING 
JIG AND 
SCOPE 



(a) 


250 XT. 

OUTPUT O 

169X1 

INCLUDING 
JIG AND 
SCOPE 

(b) 



169 XT 


1423-3 


3.0V 


ALL INPUT PULSES 


GND 


/* 


_<_ 5 ns -H 


90% 

10% 


|- 




90% 

10 % 


<_ 5 ns 
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CYM1423 

~ p" SEMICONDUCTOR 


Switching Characteristics Over the Operating Range 121 


Parameters 

Description 

1423PD-45 

1423PD-55 

1423PD-70 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

tRC 

Read Cycle Time 

45 


55 


70 


ns 

l AA 

Address to Data Valid 


45 


55 


70 

ns 

tOHA 

Data Hold from Address Change 

5 


5 


5 


ns 

‘ACS 

CS LOW to Data Valid 


45 


55 


70 

ns 

tDOE 

OE LOW to Data Valid 


20 


30 


35 

ns 

*lzoe 

OE LOW to LOW Z 

5 


5 


5 


ns 

*HZOE 

OE HIGH to High Z 


20 


25 


30 

ns 

tLZCS 

CS LOW to Low Z 

5 


5 


5 


ns 

tHZCS 

CS HIGH to High Z 131 


20 


25 


30 

ns 

WRITE CYCLE 

twc 

Write Cycle Time 

45 


55 


70 


ns 

tscs 

CS LOW to Write End 

40 


45 


60 


ns 

*AW 

Address Set-Up to Write End 

40 


45 


60 


ns 

tHA 

Address Hold from Write End 

0 


0 


0 


ns 

tSA 

Address Set-Up from Write Start 

0 


0 


0 


ns 

l PWE 

WE Pulse Width 

35 


35 


40 


ns 

*SD 

Data Set-Up to Write End 

35 


35 


40 


ns 

tHD 

Data Hold from Write End 

2 


2 


5 


ns 

tLZWE 

WE HIGH to Low Z 

5 


5 


5 


ns 

tHZWE 

WE LOW to High Z' 3 > 

0 

15 

0 

25 

0 

30 

ns 


Notes: 


2. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5 V, input levels of 0 to 3.0V and output loading 
of the specified I ol /Ioh and 30-pF load capacitance. 5 

3- tnzcs and tnzwE are specified with C L = 5 pF as in part (b) of 5 

AC Test Loads. Transition is measured ± 500 mV from steady state -j 

voltage. 

4. The inter nal w rite time of the memory is defined by the overlap of CS 

LOW and WE LOW. Both signals must be LOW to initiate a write and 9. 

either signal can terminate a write by going HIGH. The data input 


Switching Waveforms 

Read Cycle No. I 15 ’ 61 



IRC 


ADDRESS ^ 

< ? 



** ~ W 

P *OHA ®* 


1 


DATA OUT 

PREVIOUS DATA VALID 


^ DATA VALID 


1423-5 


set-up and hold timing should be referenced to the rising edge of the 
signal that terminates the write. 

WE is HIGH for read cycle. 

Device is continuously selected, CS = V IL and OE = V IL . 

Address valid prior to or coincident with CS transition low. 

Data I/O will be high impedance if OE = Vi H . 

If CS goes HIGH simultaneously with WE HIGH, the output remains 
in a high-impedance stale. 
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SEMICONDUCTOR 


CYM1423 


Switching Waveforms (continued) 
Read Cycle No. 2 [5, 71 





m *wc *| 


ADDRESS 


t 








3 

iHPi 






JMWMWJJMWlWMWm 



\+ H *HD 

DATA IN } 

DATA-IN VALID 

DATA I/O data undefined 

^ * fcl I 

^ X HZWE 
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CYM1423 


SEMICONDUCTCS 

Truth Table 


cs 

WE 

OE 

Input/Outputs 

Mode 

H 

X 

X 

High Z 

Deselect/Power-Down 

L 

H 

L 

Data Out 

Read 

L 

L 

X 

Data In 

Write 

L 

H 

H 

High Z 

Deselect 


Ordering Information 


Speed 

Ordering Code 

Package 

Type 

Operating 

Range 

45 

CYM1423PD-45C 

PD01 

Commercial 

55 

C YM 1423PD-55C 

PD01 

Commercial 

70 

CYM1423PD-70C 

PD01 

Commercial 
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CYPRESS 

SEMICONDUCTOR 


PRELIMINARY CYM1441 


256Kx 8 SRAM Module 


Features 

• High-density 2-megabit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 25 ns 

• Low active power 

- 5.3W (max.) 

• SMD technology 

• Separate Data I/O 

• 60-pin ZIP package 

• TTL-compatible inputs and outputs 

• Low profile 

— Max. height of .5 in. 

• Small PCB footprint 

— 1.17 sq. in. 


Functional Description 

The CYM1441 is a very high performance 
2-megabit static RAM module organized 
as 256K words by 8 bits. This module is 
constructed using eight 256K x 1 static 
RAMs in SOJ packages mounted on an 
epoxy laminate substrate with pins. Two 
chip selects (CSl and CSu) are used to in- 
dependently enable the upper and lower 
4 bits of the data word. 

Writing to the module is accomplished 
when t he ch ip select (CS) and write 
enable (WE) inputs are both LOW. Data 
on the eight input pins (DI 0 through DI 7 ) 
of the device is written into the memory 


location specified on the address pins (Ao 
through A 17 ). 

Reading the device is accomplished by 
takin g chip select (CS) and ou tput enable 
(OE) low, while write enable (WE) 
remains inactive or HIGH. Under these 
conditions, the contents of the memory 
location specified on the address pins (Ao 
through A 17 ) will appear on the appropri- 
ate data output pins (DO 0 through D0 7 ). 
The data output pins remain in a high- 
impedance state unless the module is 
selected , out puts are enabled, and write 
enable (WE) is HIGH. 


Logic Block Diagram 


Pin Configuration 



1441-2 


Selection Guide 


1441PZ-25 

1441PZ-35 

1441PZ-45 

Maximum Access Time (ns) 

25 

35 

45 

Maximum Operating Current (mA) 

960 

960 

960 

Maximum Standby Current (mA) 

320 

320 

320 
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CYM1460 


p'yppircc 

SEMICONDUCTOR 


512K x 8 Static RAM 
Module 


Features 

* High-density 4-megabit SRAM module 

* High-speed CMOS SRAMs 
— Access time of 35 ns 

* Low active power 
— 3.4W (max.) 

* Double-sided SMD technology 

► TTL-compatible inputs and outputs 

* Low profile version (PF) 

— Max. height of .345 in. 

* Small footprint SIP version (PS) 

— PCB layout area of 1.2 sq. in. 


Functional Description 

The CYM1460 is a high-performance 
4-megabit static RAM module organized 
as 512K words by 8 bits. This module is 
constructed from sixteen 32K x 8 SRAMs 
in plastic surface mount packages on an 
epoxy laminate board with pins. Two 
choices of pins are available for vertical 
(PS) or horizontal (PF) through-hole 
mounting. On-board decoding selects 
one of the sixteen SRAMs from the high- 
order address lines, keeping the remaining 
fifteen devices in standby mode for mini- 
mum power consumption. 

An active LOW write enable signal (WE) 
controls the writing/reading operation of 


the memory. When MS and WE inputs are 
both LOW, data on the eight data 
input/output pins is written into the 
memory location specified on the address 
pins. Reading the device is accomplished 
by selecting the devic e and enabling the 
outp uts, MS and OE , active LOW, while 
WE remains inactive or HIGH. Under 
these conditions, the content of the loca- 
tion addressed by the information on the 
address pins is present on the eight data 
input/output pins. 

The input/output pins remain in a high- 
impedance state unless the module is 
selected , out puts are enabled, and write 
enable (WE) is HIGH. 



Logic Block Diagram 


Pin Configuration 

SIP 


Aq-A, 
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Selection Guide 



1460PS-35 

1460PF-35 

1460PS-45 

1460PF-45 

1460PS-55 

1460PF-55 

1460PS-70 

1460PF-70 

Maximum Access Time (ns) 

35 

45 

55 

70 

Maximum Operating Current (mA) 

625 

625 

625 

625 

Maximum Standby Current (mA) 

560 

560 

560 

560 
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CYM1461 


CYPRESS 
SEMICONDUCTOR 


512K x 8 Static RAM 
Module 


Features 

• High-density 4-megabit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 70 ns 

• Low active power 
- 825 mW (max.) 

• Double-sided SMD technology 

• TTL-compatible inputs and outputs 

• Low profile version (PF) 

— Max. height of .315 in. 

• Small footprint SIP version (PS) 

— PCB layout area of 1.5 sq. in. 

• 2V data retention (L version) 


Functional Description 

The CYM1461 is a high-performance 
4-megabit static RAM module organized 
as 512K words by 8 bits. This module is 
constructed from sixteen 32K x 8 SRAMs 
in plastic surface mount packages on an 
epoxy laminate board with pins. Two 
choices of pins are available for vertical 
(PS) or horizontal (PF) through-hole 
mounting. On-board decoding selects 
one of the sixteen SRAMs from the high- 
order address lines keeping the remaining 
fifteen devices in standby mode for mini- 
mum power consumption. 

An active LOW write enable signal (WE) 
controls the writing/reading operation of 


the memory. When MS and WE inputs are 
both LOW, data on the eight data 
input/output pins is written into the 
memory location specified on the address 
pins. Reading the device is accomplished 
by selecting the devic e and enabling the 
outp uts, MS and OE active LOW, while 
WE remains inactive or HIGH. Under 
these conditions, the content of the loca- 
tion addressed by the information on the 
address pins is present on the eight data 
input/output pins. 

The input/output pins remain in a high- 
impedance state unless the module is 
selected , out puts are enabled, and write 
enable (WE) is HIGH. 



Selection Guide 



1461PS-70 

1461PF-70 

1461PS-85 

1461PF-85 

1461PS-100 

1461PF-100 

Maximum Access Time (ns) 

70 

85 

100 

Maximum Operating Current (mA) 

150 

150 

150 

Maximum Standby Current (mA) 

50 

50 

50 
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PRELIMINARY CYM1464 


CYPRESS 
SEMICONDUCTOR 


512K x 8 SRAM Module 


Matures 

High-density 4-megabit SRAM module 
High-speed CMOS SRAMs 

— Access time of 45 ns 
Low active power 

— 1.65W (max.) 

JEDEC-compatible pinout 
32-pin, 0.6-inch-wide DIP package 
TTL-compatible inputs and outputs 
Low profile 

— Max. height of .34 in. 

Small PCB footprint 

— 0.98 sq. in. 


Functional Description 

The CYM1464 is a high-performance 
4-megabit static RAM module organized 
as 512K words by 8 bits. This module is 
constructed using four 256K x 4 static 
RAMs in SOJ packages mounted on an 
epoxy laminate substrate with pins. A de- 
coder is used to interpret the higher-order 
address (A 18 ) and to select two of the four 
RAMs. 

Writing to the module is accomplished 
when the chip select (CS) and write en- 
able (WE) inputs are both LOW. Data on 
the eight input/output pins (I/O 0 through 
I/0 7 ) of the device is written into the 


memory location specified on the address 
pins (Ao through Ai 8 ). Reading the device 
is accomplished by taking chip select (CS) 
and out put e nable (OE) LOW, while write 
enable (WE) remains inactive or HIGH. 
Under these conditions, the contents of 
the memory location specified on the ad- 
dress pins (Ao through A, 8 ) will appear on 
the eight appropriate data input/output 
pins (I/O 0 through I/0 7 ). 

The input/output pins remain in a high- 
impedance state unless the module is 
selected , out puts are enabled, and write 
enable (WE) is HIGH. 


Logic Block Diagram 


A 0 “ A 17 


751 


256K x ■ 
SRAM 


256K x 4 
SRAM 


A 18 


33 


1 of 2 
Decoder 


256K x 41 
SRAM 



Pin Configuration 


DIP 

Top View 


A 17 C 

1 . 

32 

Tl V cc 

AieC 

2 

31 

^ A 15 

A 14 C 

3 

30 

=JA,8 

A i2 C 

4 

29 

□ we 

A 7 C 

5 

28 

TJ A 13 

A 6 C 

6 

27 

□ Ag 

A 5 c 

7 

26 

□ Ag 

A 4 C 

8 

25 

□ An 

A 3 C 

9 

24 

□ Ue 

A 2 C 

10 

23 

□ A 10 

A,C 

11 

22 

□ C§ 

Aq C 

12 

21 

□ l/0 7 

I/OqC 

13 

20 

□ l/Oe 

1/0,1= 

14 

19 

□ l/0 5 

l/0 2 c 

15 

18 

□ l/0 4 

GNDC 

16 

17 

□ l/0 3 


I/Ob - l/0 7 


1464-1 1464-2 
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1464PD-45 

1464PD-55 

1464PD-70 

Maximum Access Time (ns) 

45 

55 

70 

Maximum Operating Current (mA) 

300 

300 

300 

Maximum Standby Current (mA) 

240 

240 

240 
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PRELIMINARY CYM1464 

Operating Range 


Parameters 

Description 

Test Conditions 

CYM1464PD 

Units 

Min. 

Max. 


Output HIGH Voltage 

V cc = Min., Iqh = ~4.0 mA 

2.4 


V 

V OL 

Output LOW Voltage 



0.4 

V 

V IH 

Input HIGH Voltage 


2.2 

Vcc 

V 

V, L 

Input LOW Voltage [1] 


-0.5 

0.8 

V 

Iix 

Input Load Current 

GND ^V^ V cc 

-10 

10 


loz 

Output Leakage Current 

GND j< V 0 <. Vcc, Output Disabled 

-10 

10 

liA 

Icc 

V C c Operating Supply 
Current 

Vcc = Max., Iout ~ 0 mA, 

CS<_V IL 


300 

mA 

IsBl 

Automatic CS Power- 
Down Current 

Vcc = Max., CS Vih, 

Min. Duty Cycle = 100% 


240 

mA 

IsB2 

Automatic CS Power- 
Down Current 

V cc = Max., CS _> V cc - 0.2V, 

Vin _>. V cc - 0.2V or V IN <l 0.2V 


10 

mA 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to +70°C 

5V ± 10% 



Maximum Ratings 

(Above which the useful life may be impaired) 


Storage Temperature -55°C to + 125°C 

Ambient Temperature with 

Power Applied -10°Cto+85°C 

Supply Voltage to Ground Potential -0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State -0.5V to +7.0V 

DC Input Voltage -0.5V to + 7.0V 


Electrical Characteristics Over the Operating Range 


Capacitance [3] 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Qn 

Input Capacitance 

T a = 25 °C, f = 1 MHz, 

40 


CoUT 

Output Capacitance 

V cc = 5.0V 

30 



Note: 

1. = -3.0V for pulse widths less than 20 ns. 

AC Test Loads and Waveforms 


5V O 
OUTPUT O 


INCLUDING 
JIG AND 
SCOPE 


481 XI 


481 a 



5V O 
OUTPUT O 


255X1 


INCLUDING 
JIG AND 
SCOPE 



255X1 


(a) 


1464-3 

(b) 


3.0V 

GND 


ALL INPUT PULSES 



1464 - 
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^SSS’JB CYPRESS 

SEMICONDUCTOR 

twitching Characteristics Over the Operating Range [3) 


1464PD-45 


PRELIMINARY CYM1464 


Parameters 

Description 

READ CYCLE 

tRC 

Read Cycle Time 

tAA 

Address to Data Valid 

tOHA 

Data Hold from Address Change 

tACS 

CS LOW to Data Valid 

‘DOE 

OE LOW to Data Valid 

l LZOE 

OE LOW to Low Z 

tHZOE 

OE HIGH to High Z 

tLZCS 

CS LOW to Low Z 

tHZCS 

CS HIGH to High Z [4) 

tpu 

CS LOW to Power-Up 

tPD 

CS HIGH to Power-Down 


WRITE CYCLE 


twc 

Write Cycle Time 

tscs 

CS LOW to Write End 

tAW 

Address Set-Up to Write End 

tHA 

Address Hold from Write End 

tSA 

Address Set-Up from Write Start 

l PWE 

"WE Pulse Width 

tSD 

Data Set-Up to Write End 

tHD 

Data Hold from Write End 

tLZWE 

WE HIGH to Low Z 

tHZWE 

WE LOW to High Z [4] 

totes: 


1464PD-55 


1464PD-70 



3. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5V, input levels of 0 to 3.0V and output loading 
of the specified I 0 L /I 0 h and 30-pF load capacitance. 

4- tnzcs and tHzwEare specified with C L = 5 pF as in part (b) of 
AC Test Loads. Transition is measured + 500 mV from steady state 
voltage. 

5. The inter nal w rite time of the memory is defined by the overlap of CS 
LOW and WE LOW. Both signals must be LOW to initiate a write and 
either signal can terminate a write by going HIGH. The data input 

twitching Waveforms 

lead Cycle No. 1 [6 7| 


set-up and hold timing should be referenced to the rising edge of the 
signal that terminates the write. 

WE is HIGH for read cycle. 

Device is continuously selected, CS = V IL . 

Address valid prior to or coincident with CS transition low. 

If CS goes HIGH simultaneously with WE HIGH, the output remains 
in a high-impedance state. 
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^^S^#CTTFRESS 

SEMODNDUCTOR ~ 

Switching Waveforms (continued) 
Read Cycle No. 2 |6, 81 


PRELIMINARY CYM1464 
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PRELIMINARY CYM1464 


risCTFRESS 
F SEM1CCNDUCTOR 


Iruth Table 


cs 

WE 

OE 

Inputs/Outputs 

Mode 

H 

X 

X 

High Z 

Deselect/Power-Down 

L 

H 

L 

Data Out 

Read Word 

L 

L 

X 

Data In 

Write Word 

L 

H 

H 

High Z 

Deselect 


Ordering Information 


Speed 

Ordering Code 

Package 

Type 

Operating 

Range 

45 

CYM1464PD-45C 

PD02 

Commercial 

55 

CYM1464PD-55C 

PD02 

Commercial 

70 

C YM 1464PD-70C 

PD02 

Commercial 


Document t: 38-M-00030 
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This is a partial data sheet. For complete data sheet, see Section 8, Modules. 


CYM1540 


CTPRESS=^=== 

SEMICONDUCTOR 


256K x 9 Buffered SRAM 
Module with Separate I/O 


Features 

• High-density 2-megabit SRAM module 
with parity 

• High-speed CMOS SRAMs 
— Access time of 30 ns 

• Buffered address and control inputs 

• Low active power 

— 6.2W (max.) 

• SMD technology 

• TTL-compatible inputs and outputs 

• Low profile 

— Max. height of .52 in. 

• Small PCB footprint 

— 1.6 sq. in. 


Functional Description 


The CYM1540 is a very high performance 
2-megabit static RAM module organized 
as 256K words by 9 bits. This module is 
constructed using nine 256K x 1 static 
RAMs in SOJ packages mounted on an 
epoxy laminate board with pins. Input 
buffers are provided on the address and 
control lines to reduce input capacitance 
and loading. 

Writing to the module is accomplished 
when the chip select (CS) and write en- 
able (WE) inputs are both LOW. Data on 
the data input pins (DI 0 through DI 8 ) of 


the device is written into the memory lo- 
cation specified on the address pins (Ao 
through A 17 ). Reading the device is ac- 
complished by taking chip sele ct (CS) 
LOW, while write enable (WE) remains 
inactive or HIGH. Under these condi- 
tions, the contents of the memory loca- 
tion specified on the address pins (Ao 
through A 17 ) will appear on the appropri- 
ate data output pins (DOo through DO«). 
The data output pins remain in a high- 
impedance state when chip se lect (CS) is 
HIGH or when write enable (WE) is 
LOW. 



Selection Guide 



Maximum Access Time (ns) 


Maximum Operating Current (mA) 


Maximum Standby Current (mA) 


1540PF-30 

1540PS-30 

1540PF-35 

1540PS-35 

1540PF-45 

1540PS-45 

30 

35 

45 

1125 

1125 

1125 

350 

350 

350 





























CYM1610 



CYPRESS 
SEMICONDUCTOR 


16K x 16 Static RAM 
Module 


Features 

• High-density 256-kbit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 12 ns 

• Low active power 

— 3W (max.) 

• Hermetic SMD technology 

• TTL-compatible inputs and outputs 

• Low profile 

— Max. height of .215 in. 

• Small PCB footprint 

— 1.2 sq. in. 

• JEDEC-defined pinout 

• Independent byte select 

• 2V data retention (L version) 


Functional Description 

The CYM1610 is a high-performance 
256-kbit static RAM module organized 
as 16K words by 16 bits. This module is 
constructed from four 16K x 4 SRAMs 
in leadless chip carriers mounted on a 
ceramic substrate with pins. 

Selecting the device is achieved by a chip 
selec t inp ut pin as well as two byte select 
pins (UB, LB) for independently selecting 
upper or lower byte for read or write 
operations. 

Writing to the memory module is accom- 
plishe d wh en the chip select (CS), byte 
select (UB, LB) and write enable (WE) 
inputs are LOW. Data on the input/output 
pins of the selected byte (I/O g - I/Oi 5 , 


I/Oo - I/O7) is written into the memory 
location specified on the address pins (Ao 
through A 13 ). 

Reading the device is accomplishe d by 
taking chip select (CS), byte select (UB, 
LB) and output enable (OE) LOW, while 
WE remains inactive or HIGH. Under 
these conditions, the contents of the 
memory location specified on the address 
pins will appear on the appropriate data 
input/output pins. 

The input/output pins remain in a hig h- 
impedance state when chip select (CS), 
byte select (UB, LB) or output enab le 
(OE) is HIGH, or write enable (WE) is 
LOW. 


Logic Block Diagram 


A o 


- A 13 

S3 

We 

CP 


up 


LB 



l/Og - I/O15 


l/O 0 - l/0 7 


Pin Configuration 


DIP 

Top View 


Vcc C 

1 ^ 

40 

□ Vcc 

P3C 

2 

39 

□ WE 

l/0 15 c 

3 

38 

□ Tjb 

I/0 14 C 

4 

37 

□ r§ 

I/O-13 C 

5 

36 

□ NC 

l/ 0 12 c 

6 

35 

A 13 

I/O11 c 

7 

34 

□ A 12 

l/O 10 C 

8 

33 

□ A,, 

l/0 9 c 

9 

32 

A 10 

i/o 8 c 

10 

31 

□ a 9 

GND C 

11 

30 

□ GND 

l/0 7 c 

12 

29 

-1 A 8 

l/0 6 c 

13 

28 

□ a 7 

I/O5C 

14 

27 

I] A 6 

i/o 4 c 

15 

26 

□ A 5 

1/O3 c 

16 

25 

□ A 4 

i/o 2 E 

17 

24 

□ a 3 

I/O, c 

18 

23 

□ A, 

l/Oo C 

19 

22 

U A, 

■OEC 

20 

21 

U A 0 


1610-1 


1610-2 


Selection Guide 



16I0HD-12 

1610HD-I5 

1610HD-20 

1610HD-25 

1610HD-35 

1610HD-45 

1610HD-50 

Maximum Access Time (ns) 

12 . 

15 

20 

25 

35 

45 

50 

Maximum Operating Current 
(mA) 

Com’l 

.'. 550 .." 

550 

330 

330 

330 

330 

330 

Mil 

Pill 

550 

550 ' 

360 

330 

330 

330 

Maximum Standby Current 
(mA) 

Com’l 

... 250 

250 

60 

60 

60 

60 

60 

Mil 


250 

250 

60 

60 

60 

60 


Shaded area contains preliminary information. 
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CYM1610 



Maximum Ratings 


(Above which the useful life may be impaired) 


Storage Temperature -65°C to + 150°C 

Ambient Temperature with 

Power Applied -55 °C to + 125 °C 

Supply Voltage to Ground Potential -0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State -0.5V to + 7.0V 

DC Input Voltage -0.5V to + 7.0V 

Output Current into Outputs (Low) 20 mA 


Static Discharge Voltage >200 IV 

(Per MIL-STD-883 Method 3015.2) 

Latch-Up Current >200 m A 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to +70°C 

5V ± 10% 

Military 

-55 °C to + 125 °C 

5V ± 10% 


Electrical Characteristics Over the Operating Range 


Parameters 

Description 

Test Conditions 

J610HD-J2 1 

16I0HD-15 
16I0HD-20M 

1610HD-20C 

1610HD-25 

1610HD-35 

1610HD-45 

1610HD-50 

Units 

Min. 

Max. 

Min. 

Max. 

BSIB 

Output HIGH Voltage 

V C c = Min., I 0 H = -4.0 mA 

2,4 •' j 

IlillM 

mm 


V 

Vol 

Output LOW Voltage 

Vcc = Min., Iol = 8.0 mA 


0.4 


0.4 

V 


Input HIGH Voltage 


2,2!:!:: 

' Vcc-' 

2.2 


V 

V |L 

Input LOW Voltage 


-0.5 

. o,8 : 

-0.5 

0.8 

V 

Ik 

Input Load Current 

GND <l V, <. V cc 

-15 


-15 

+ 15 

PA 

loz 

Output Leakage Current 

GND <. V 0 <. Vcc, Output Disabled 

?: -15<& 

Hill | 

-15 

+ 15 

PA 

los 

Output Short Circuit 
Current 111 

Vcc = Max., V out = GND 

HI 

-350 


-350 

mA 

IcCxl6 

V C c Operating 

Supply Current 

V C c = Max., lour = 0 mA 

CS, UB, & LB = V IL 

s— 

550 


330 

mA 

IcCxS 

V C c Operating 

Supply Current 

Vcc = Max., Iqut ~ 0 mA 

CS - V IL , UB or LB = V IL 

m 

350 


200 

mA 

IsBl 

Automatic CS 
Power-Down Current 121 

Max. Vcc, CS j> Vih, 

Min. Duty Cycle = 100% 

1111111:1 



60 

mA 

IsB2 

Automatic CS 
Power-Down Current 121 

Max. Vcc, CS j> V cc - 0.3V, 

V in >. Vcc - 0.3V or 

V IN <. 0.3V 

■ 

fl 


60 

mA 


Shaded area contains preliminary information. 


Capacitance 131 


Parameters 

Description 

Test Conditions 

Max. 

Units 

ClN 

Input Capacitance 

T a = 25 °C, f = 1 MHz, 

V cc = 5.0V 

35 

pF 

Cqut 

Output Capacitance 

25 

pF 


Notes: 

1 . Not more than 1 output should be shorted at one time. Duration of the 2. A pull-up resistor to Vcc on the CE input is required to keep the de- 
short circuit should not exceed 30 seconds. vice deselected during V cc power-up, otherwise Isu will exceed values 

given. 

3. Tested on a sample basis. 
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CYM1610 


CYPRESS 

^ SEMICONDUCTC* - 

iC Test Loads and Waveforms 


R1 481 a 


R1 481 a 


5V O 
DUTPUT O 



5V O 
OUTPUT O 


INCLUDING -i 
JIG AND 
SCOPE 

(a) 



INCLUDING i 
JIG AND 
SCOPE 

(b) 


iquivalent to: THEVENIN EQUIVALENT 
167a 

OUTPUT O wv O 1.73V 



1610-4 


Switching Characteristics Over the Operating Range 141 


Parameters 

Description 

16I0IID-12 

I6I0HD-15 

1610HD-20 

Units 

' Min, 

Max, 

Min, 

Max. 

Min. 

Max. 

READ CYCLE 

tRC 

Read Cycle Time 

12 


15 


20 


ns 

*AA 

Address to Data Valid 


12 


15 


20 

ns 

tOHA 

Data Hold from Address Change 

2 


2 


5 


ns 

tACS 

CS LOW to Data Valid 


12 


15 


20 

ns 

tDOE 

OE LOW to Data Valid 


10 


10 


10 

ns 

k.Z.OE 

OE LOW to Low Z 

3 


2 


3 


ns 

tHZOE 

OE HIGH to High Z 


8 • 


8 


8 

ns 

tLZCS 

CS LOW to Low Z 

3 


3 


5 


ns 

tHZCS 

CS HIGH to High Z [S ’ 6 > 


8 


8 


8 

ns 

tpu 

CS LOW to Power-Up 

0 


0 


0 


ns 

tPD 

CS HIGH to Power-Down 


12 


15 


20 

ns 

WRITE CYCLE > 7] 

twe 

Write Cycle Time 

12 


15 


20 


ns 

tscs 

CS LOW to Write End 

10 


12 


15 


ns 

tAW 

Address Set-Up to Write End 

10 


12 


15 


ns 

tHA 

Address Hold from Write End 

2 


2 


2 


ns 

tSA 

Address Set-Up to Write Start 

0 


0 


2 


ns 

tpWE 

WE Pulse Width 

. ' 10 


12 


15 


ns 

tSD 

Data Set-Up to Write End 

10 


10 


10 


ns 

tHD 

Data Hold from Write End 

2 


2 


2 


ns 

tLZWE 

WE HIGH to Low Z 4 * [6) 7 

5 V 


5 


5 


ns 

tHZWE 

WE LOW to High Z !5 ’ 6] 

0 

7 

0 

7 

0 

7 

ns 


lhaded area contains preliminary information, 
totes: 


4. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5V, input levels of 0 to 3.0V and output loading 
of the specified Ioi./Ioh and 30-pF load capacitance. 

5- tjizcs and tnzwE are specified with Cl = 5 pF as in part (b) of 
AC Test Loads. Transition is measured ± 500 mV from steady state 
voltage. 

6. At any given temperature and voltage condition, tnzes is less than 
Ilzcs for any given device. These parameters are guaranteed and not 
100% tested. 

7. The inter nal w rite time of the memory is defined by the overlap of CS 
LOW and WE LOW. Both signals must be LOW to initiate a write and 


either signal can terminate a write by going HIGH. The data input 
set-up and hold timing should be referenced to the rising edge of the 
signal that terminates the write. 

8. WE is HIGH for read cycle. 

9. Device is continuously selected, CS = V[ L and OE = V| L . 

10. Address valid prior to or coincident with CS transition low. 

11. Data I/O will be high impedance if OE = Vih- 

12. If CS goes HIGH simultaneously with WEHIGH, the output remains 
in a high-impedance state. 
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^JF CYPRESS 
T? SEMCONDUCTOR 


CYM1610 


Switching Characteristics Over the Operating Range (continued) 1 



Description 


Read Cycle Time 


Address to Data Valid 


Data Hold from Address Change 


CS LOW to Data Valid 


OE LOW to Data Valid 




OE HIGH to High Z 


CS LOW to Low Z™ 


CS HIGH to High Z [5 ' 6] 


CS LOW to Power-Up 


tpo I CS HIGH to Power-Down 


WRITE CYCLE m 


Write Cycle Time 


CS LOW to Write End 


Address Set-Up to Write End 


Address Hold from Write End 


Address Set-Up to Write Start 



1610HD-25 


1610HD-35 


1610HD-45 


1610HD-50 




WE HIGH to Low Z [6] 


WE LOW to High Z |5,6] 


Data Retention Characteristics (L Version Only) 


Parameter 

Description 

Test Conditions 

CYM1610 

Units 

Min. 

Max. 

%R 

Vcc f° r Retention Data 

Mrc = 2.0V, 

CS j> Vcc- 0.2V 

Mn ^ Vcc- 0.2V 
orViN <-0.2V 

2.0 


V 

ICCDR 

Data Retention Current 


4 

mA 

‘cdrI 141 

Chip Deselect to Data Retention Time 

0 


ns 

t R [l 4 l 

Operation Recovery Time 

tRC 1 ' 31 


ns 

Ili' 14 i 

Input Leakage Current 


8 

PA 


Notes: 

13. tRc = Read Cycle Time. 14. Guaranteed, not tested. 
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CYM1610 


fjg CYPRESS 
F SEMKDQNDUCTOR 


Data Retention Waveform 


I DATA RETENTION MODE 



Read Cycle No. 2 [8, 101 
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CYPRESS 

SEMICONDUCTOR 


CYM1610 


Switching Waveforms (continued) 
Write Cycle No. 2 (CS Controlled) [7> “* 121 



* t wc m 


ADDRESS -* 






* **>« *1" tsuss n 

xss 

* * 


p ‘AW | 

L J 1 


r rvvc -W7777777777777 


l SD * ■* * tHD 

DATA IN -3 

DATA-IN VALID "3 ^ 


I* - l HZWE H * 


DATA I/O data undefined 

N| HIGH IMPEDANCE 


1610-9 


Truth Table 


cs 

UB 

LB 

OE 

WE 

Input/Outputs 

Mode 

H 

X 

X 

X 

X 

High Z 

Deselect/Power-Down 

L 

H 

H 

X 

X 

High Z 

Deselect/Power-Down 

L 

L 

L 

L 

H 

Data Outo-is 

Read Word 

L 

H 

L 

L 

H 

Data Outo -7 

Read Lower Byte 

L 

L 

H 

L 

H 

Data Out 8 _ 15 

Read Upper Byte 

L 

L 

L 

X 

L 

Data In 0 _is 

Write Word 

L 

H 

L 

X 

L 

Data In 0 _ 7 

Write Lower Byte 

L 

L 

H 

X 

L 

Data In 8 _ 15 

Write Upper Byte 

L 

L 

L 

H 

H 

High Z 

Deselect 

L 

H 

L 

H 

H 

High Z 

Deselect 

L 

L 

H 

H 

H 

High Z 

Deselect 


Document #: 38-M-00006-A 


Ordering Information 


Speed 

Ordering Code 

Package 

Type 

Operating 

Range 

12 

CYMM0HD-12C 

HDOJ 

; Commercial . 

15 

CYM1610HD-15C 

HD01 

Commercial 

CYM1610HD-15MB 

1 11)01 

WMMSiM 

20 

CYM1610HD-20C 

HD01 

Commercial 

CYM1610LHD-20C 

HD01 

CYM1610HD-2DMB 

HD01 


25 

CYM1610HD-25C 

HD01 

Commercial 

CYM 16 10LHD-25C 

HD01 

CYM1610HD-25MB 

HD01 

Military 

CYM 16 10LHD-25MB 

HD01 

35 

CYM 16 10HD-35C 

HD01 

Commercial 

CYM 16 10LHD-35C 

HD01 

CYM 16 10HD-35MB 

HD01 

Military 

CYM 16 10LHD-35MB 

HD01 

45 

CYM1610HD-45C 

HD01 

Commercial 

CYM 1610LHD-45C 

HD01 

CYM 16 10HD-45MB 

HD01 

Military 

CYM 16 10LHD-45MB 

HD01 

50 

CYM 16 10HD-50C 

HD01 

Commercial 

CYM1610LHD-50C 

HD01 

CYM1610HD-50MB 

HD01 

Military 

CYM 16 10LHD-50MB 

HD01 


Shaded area contains preliminary information. 
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This is a partial data sheet. For complete data sheet, see Section 8, Modules. 


CYPRESS 

SEMICONDUCTOR 


CYM1611 

16K x 16 Static RAM 
Module 


Features 

• High-density 256-kbit SRAM module 

• High speed 

— Access time of 12 ns 

• 16-bit-wide organization 

• Low active power 

— 1.8W (max.) at 25 ns 

• Hermetic SMD technology 

• TTL-compatible inputs and outputs 

• Low profile 

— Max. height of 0.5 in. 

• Small PCB footprint 

— 0.4 sq. in. 

• 2V data retention (L version) 


Functional Description 

The CYM1611 is a very high performance 
256-kbit static RAM module organized 
as 16K words by 16 bits. The module is 
constructed from four 16K x 4 SRAMs in 
leadless chip carriers mounted on a ce- 
ramic substrate with pins. A vertical DIP 
format minimizes board space (footprint 
= 0.4 sq. in.) while still keeping a maxi- 
mum height of 0.5 in. 

Writing to the memory module is accom- 
plished when the chip select (CS) and 
write enable (WE) inputs are both LOW. 
Data on the sixteen input/output pins (D 0 
through D 15 ) is written into the memory 


location specified on the address pins (Ao 
through Ai 3 ). 

Reading the device is accomplished by 
takin g chip select (CS) and output enable 
(OE) LOW, while WE remains inactive or 
HIGH. Under these conditions, the con- 
tents of the memory location specified on 
the address pins will appear on the sixteen 
data input/output pins. 

The input/output pins remain in a high- 
impedance state unless the module is 
selected , out puts are enabled, and write 
enable (WE) is HIGH. 



Logic Block Diagram 


Pin Configuration 



Selection Guide 


Maximum Access Time (ns) 


Maximum Operating Curren 
(mA) 


(mA) 





16UHV-12 

1611HV-15 

1611HV-20 

16UHV-25 

1611HV-30 

1611HV-35 

1611HV-45 


12 

15 

20 

25 

30 

35 

45 

Commercial 

550 

550 

330 

330 

330 

330 

330 

Military 


550 

550 

330 

330 

330 

330 

Commercial 

250 

250 

80 

80 

80 

80 

80 

Military 


250 

250: 

80 

80 

80 

80 
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CYM1620 


CYPRESS 
SEMICONDUCTOR 


64K x 16 Static RAM 
Module 


Features 

• High-density 1-megabit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 30 ns 

• 40-pin, 0.6-inch-wide DIP package 

• JEDEC-compatible pinout 

• Low active power 
- 1.9W (max.) 

• Hermetic SMD technology 

• TTL-compatible inputs and outputs 

• Commercial and military 
temperature ranges 


Functional Description 

The CYM162Q is a very high performance 
1-megabit static RAM module organized 
as 64K words by 16 bits. The module is 
constructed using four 32K x 8 static 
RAMs in leadless chip carriers mounted 
onto a double-sided multilayer ceramic 
substrate. A decoder is used to interpret 
the higher-order address A, s and select 
one of the two pairs of RAMs. 

Writing to the memory module is accom- 
plishe d when th e chip select (CS), byte 
select (UB, LB) and write enable (WE) 
inputs are both LOW. Data on the 
input/output pins of the selected byte 
(I/0 8 - I/O, 5 , 1/O 0 - I/0 7 ) is written into 


the memory location specified on the 
address pins (Ao through A 15 ). 

Reading the device is accomplishe d by 
taking chip select (CS), byte select (UB, 
LB) and output enable (OE) LOW, while 
WE remains inactive or HIGH. Under 
these conditions, the contents of the 
memory location specified on the address 
pins will appear on the appropriate data 
input/output pins. 

The input/output pins remain in a high- 
impedance state wh en chip select (CS), 
byte select (UB, LB) or output enabl e 
(OE) is HIGH, or write enable (WE) is 
LOW. 


Logic Block Diagram 


WF 


A 15 

m 


LB 



l/0 8 - l/0 15 


I/Oq - l/0 7 


A isd 
33 q 


1 / 0,5 

1/0,4 

1 / 0,3 

l/0, 2 

i/o„ 

1 / 0,0 

l/0 9 

l/0 8 

GND 

l/0 7 

l/0 6 

l/0 5 

l/0 4 

l/0 3 

l/0 2 

I/O, 

I/Oq 

OE 


Configurati 

DIP 

Top View 

i * 

40 

2 

39 

3 

38 

4 

37 

5 

36 

6 

35 

7 

34 

8 

33 

9 

32 

10 

31 

11 

30 

12 

29 

13 

28 

14 

27 

15 

26 

16 

25 

17 

24 

18 

23 

19 

22 

20 

21 


□ Vcc 

□ WE 

□ m 

5 13 
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A 13 
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GND 
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A 7 

k 

A 4 
A 3 
A 2 

S 1 
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1620HD-30 

1620HD-35 

1620HD-45 

1620HD-55 

Maximum Access Time (ns) 

30 

35 

45 

55 

Maximum Operating Current (mA) 

Commercial 

340 

340 

340 

340 

Military 



340 

340 

Maximum Standby Current (mA) 

Commercial 

140 

140 

140 

140 

Military 



140 

140 
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CYM1620 


~ 7 — ; if is CYPRESS 

===>" SEMICONDUCTOR ====^=====^=^==: 

Maximum Ratings 

Itorage Temperature -65°C to + 150°C 

Ambient Temperature with 

’ower Applied -55 °C to + 125 °C 

lupply Voltage to Ground Potential -0.5V to + 7.0V 

)C Voltage Applied to Outputs 

a High Z State -0.5V to +7.0V 

)C Input Voltage -0.5V to + 7.0V 

Output Current into Outputs (Low) 20 mA 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to +70°C 

5V ± 10% 

Military 

-55 °C to + 125 °C 

5V ± 10% 


Electrical Characteristics Over the Operating Range 


Parameters 

Description 

Test Conditions 

CYM1620HD 

Units 

Min. 

Max. 

VoH 

Output HIGH Voltage 

Vcc = Min., Iqh = -4.0 mA 

2.4 


V 

VOL 

Output LOW Voltage 

\^c = Min., Iql = 8.0 mA 


0.4 

V 

Mh 

Input HIGH Voltage 


2.2 

Vcc 

V 

Ml 

Input LOW Voltage 


-0.5 

0.8 

V 

iix 

Input Load Current 

GND <. Vi <. Vcc 

-15 

+ 15 

(XA 

foz 

Output Leakage Current 

GND <_ Vo <_ Vcc . Output Disabled 

-15 

+ 15 

PA 

los 

Output Short Circuit 
Current 111 

Vcc = Max., Vqut = GND 


-300 

mA 

ICCxlb 

Vcc Operating 

Supply Current 

Vcc = Max., I out = 0 mA 

CS, UB, & LB = V IL 


340 

mA 

ICCx8 

Vcc Operating 

Supply Current 

Vcc = Max., I OUT = 0 mA 

CS = Vil, UB or LB = Vil 


200 

mA 

ISBl 

Automatic CS 121 

Power Down Current 

Max. VccCS > Vih, 

Min. Duty Cycle = 100% 


140 

mA 

ISB2 

Automatic CS 121 

Power Down Current 

Max. Vcc , CS j> Vcc- 0.3V, 

Vjn >. Mec - 0.3V or 

V IN <. 0.3V 


80 

mA 


Capacitance 31 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Qn 

Input Capacitance 

T a = 25 °C, f = 1 MHz, 

35 

pF 

COUT 

Output Capacitance 

Vcc = 5.0V 

40 

pF 


Jotes: 


Not more than 1 output should be shorted at one time. Duration of 2. A pull-up resistor to Vcc on the CS input is required to keep the de- 
the short circuit should not exceed 30 seconds. vice deselected during V cc power-up, otherwise I SB will exceed val- 

ues given. 

3. Tested on a sample basis. 


iC Test Loads and Waveforms 


5 V O- 
OUTPUT O- 


R1 481 a 


R1 481 a 


5V O 
OUTPUT O 


ALL INPUT PULSES 


INCLUDING i 
JIG AND 
SCOPE 

(a) 


R2 

30 pF S 255a 



INCLUDING i 
JIG AND 
SCOPE 

(b) 


Equivalent to: THEVENIN EQUIVALENT 


OUTPUT O' 


167a 

■vw — 


O 1.73V 
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CYPRESS 

SEMICONDUCTOR 


CYM162C 



Switching Characteristics Over the Operating Range (4] 


Parameters 

Description 

1620HD-30 

1620HD-35 

1620HD-45 

1620HD-55 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

tRC 

Read Cycle Time 

30 


35 


45 


55 


ns 

tAA 

Address to Data Valid 


30 


35 


45 


55 

ns 

tOHA 

Data Hold from Address Change 

3 


3 


5 


5 


ns 

tACS 

CS LOW to Data Valid 


30 


35 


45 


55 

ns 

tDOE 

OE LOW to Data Valid 


15 


18 


25 


30 

ns 

l LZOE 

OE LOW to Low Z 

0 


0 


0 


0 


ns 

tHZOE 

OE HIGH to High Z 


20 


20 


20 


25 

ns 

<LZCS 

CS LOW to Low Z [6] 

5 


5 


5 


5 


ns 

tHZCS 

CS HIGH to High Z [5> 61 


20 


20 


20 


25 

ns 

tpu 

CS LOW to Power-Up 

0 


0 


0 


0 


ns 

tPD 

CS HIGH to Power-Down 


30 


35 


45 


55 

ns 

WRITE CYCLE [7) 

twc 

Write Cycle Time 

30 


35 


45 


55 


ns 

tscs 


25 


30 


40 


45 


ns 

tAW 

Address Set-Up to Write End 

25 


30 


40 


45 


ns 

tHA 

Address Hold from Write End 

5 


5 


5 


5 


ns 

tSA 

Address Set-Up to Write Start 

5 


5 


5 


5 


ns 


WE Pulse Width 

25 


25 


25 


30 


ns 

tSD 

Data Set-Up to Write End 

18 


18 


20 


25 


ns 

tHD 

Data Hold from Write End 

3 


3 


5 


5 


ns 

tLZWE 

WE HIGH to Low Z* 6] 

5 


5 


5 


5 


ns 

tHZWE 

WE LOW to High Z [5 ’ 6 ' 

0 

15 

0 

15 

0 

15 

0 

25 

ns 


Notes: 

4. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5V, input levels of 0 to 3.0V and output loading 
of the specified Iol^oh ar) d 30-pF load capacitance. 

5. tnzcs and tnzwE are specified with C L = 5 pF as in part (b) of 
AC Test Loads. Transition is measured ± 500 mV from steady state 
voltage. 

6. At any given temperature and voltage condition, tnzcs is less than 
Ilzcs for any given device. These parameters are guaranteed and not 
100% tested. 

7. The inter nal w rite time of the memory is defined by the overlap of CS 
LOW and WE LOW. Both signals must be LOW to initiate a write and 


either signal can terminate a write by going HIGH. The data input 
set-up and hold timing should be referenced to the rising edge of the 
signal that terminates the write. 

8. WE is HIGH for read cycle. 

9. Device is continuously selected, CS = V IL and OE = Ml- 

10. Address valid prior to or coincident with CS transition low. 

11. Data I/O will be high impedance if OE = v IH . 

1 2. If CS goes HIGH simultaneously with WE HIGH, the output remains 
in a high impedance state. 


Switching Waveforms [10] 

Read Cycle No. l t8 ' 9) 



m t RC *• 


ADDRESS ^ 

< ? 



3 

< 

X 

o 


i 


DATA OUT 

PREVIOUS DATA VALID ^ 


^ DATA VALID 


1620 - 
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1620-6 



ADDRESS 

WE 

DATA IN 

DATA I/O 



1620-8 
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CYPRESS 

SEMICONDUCTOR 


CYM1620 


Truth Table 



m 

m 

fs! 


Input/Outputs 

Mode 

B 

a 

B 

B 

B 


Deselect/Power-Down 

B 

B 

B 

B 

B 

High Z 

Deselect/Power-Down 

B 

B 

B 

B 

B 

Data Outo-15 

Read 

B 

B 

B 

B 

B 

Data Out 0-7 

Read Lower Byte 

B 

B 

B 

B 

B 

Data Outg_i 5 

Read Upper Byte 

B 

B 

B 

B 

B 

Data In 0-15 

Write 

B 

B 

B 

B 

B 

Data In 0-7 

Write Lower Byte 

B 

B 

B 

B 

B 

Data In 8 _ 15 

Write Upper Byte 

B 

B 

B 

B 

B 

High Z 

Deselect 

B 

□ 

B 

B 

□ 

High Z 

Deselect 

B 

B 

B 

B 

B 

High Z 

Deselect 


Document #: 38-M-00008-A 


Ordering Information 


Speed 

Ordering Code 

Package 

Type 

Operating 

Range 

30 

CYM 1620HD-30C 

HD03 

Commercial 

35 

CYM 1620HD-35C 

HD03 

Commercial 

45 

CYM 1620HD-45C 

HD03 

Commercial 

CYM 1620HD-45MB 

HD03 

Military 

55 

CYM 1620HD-55C 

HD03 

Commercial 

CYM 1620HD-55MB 

HD03 

Military 


2-358 
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CYM1621 


CYPRESS 
SEMICONDUCTOR 


64K x 16 Static RAM 
Module 


Features 

► High-density 1-megabit SRAM module 
» High-speed CMOS SRAMs 

— Access time of 20 ns 
» Customer configurable 

— x4, x8, xl6 

» Low active power 

— 6.8W (max.) 

» Hermetic SMD technology 
» TTL-compatible inputs and outputs 
» Low profile 
— Max. height of .270 in. 

> Small PCB footprint 

— 2 sq. in. 

• 2V data retention (L version) 


Functional Description 

The CYM1621 is a high-performance 
1-megabit static RAM module organized 
as 64K words by 16 bits. This module is 
constructed from sixteen 64K x 1 SRAMs 
in leadless chip carriers mounted on a ce- 
ramic substrate with pins. Four separate 
CS pins are used to control each 4-bit 
nibble of the 16-bit word. This feature 
permits the user to configure this module 
as either 256K x 4, 128K x 8 or 64K x 16 
organization through external decoding 
and appropriate pairing of the outputs. 
Writing to the device is accomplished 
when t he ch ip select (CSxx) and write 
enable (WE) inputs are both LOW. Data 
on the data lines (Dx) is written into the 


memory location specified on the address 
pins (Ao through A 15 ). 

Reading the device is accomplished by 
taking the ch ip se lect (CSxx) LOW, while 
write enable (WE) remains HIGH. Under 
these conditions the contents of the mem- 
ory location specified on the address pins 
will appear on the data lines (Dx). 

The data output is in the high-impedance 
state when c hip en able (CSxx) is HIGH or 
write enable (WE) is LOW. 

Power is consumed in each 4-bit nibble 
only when the appropriate CS is enabled, 
thus reducing power in the x4 or x8 mode. 


Logic Block Diagram 


Pin Configuration 


Ao - Al5 

WE 

CSq_3 


cs 4 _ 7 


CS*,, 


CS,* 



Vcc 

D„ 

^ 8-11 

Do 

A 0 

A 13 

Dio 

A 12 

Di 

A 11 

A 10 

Dg 

A 9 

d 2 

A 8 

A 7 

Da. 

CSo-3 

D 3 

GND 
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1621HD-20 

1621HD-25 

1621HD-30 

1621HD-35 

1621HD-45 

Maximum Access Time (ns) 

20 

25 

30 

35 

45 

Maximum Operating Current (mA) 

Commercial 

1250 

1250 

1250 

1250 

1250 

Military 


1250 

1250 

1250 

1250 

Maximum Standby Current (mA) 

Commercial 

320 

320 

320 

320 

320 

Military 


320 

320 

320 

320 
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This is a partial data sheet. For complete data sheet, see Section 8, Modules. 


PRELIMINARY CYM1622 


CYPRESS 
SEMICONDUCTOR 


64K x 16 SRAM Module 


Features 

• High-density 1-megabit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 25 ns 

• Low active power 

— 2.2W (max.) 

• SMD technology 

• TTL-compatible inputs and outputs 

• Finout-compatible with CYM1611 and 
CYM1624 

• Low profile 

— Max. height of .50 in. 

• Small PCB footprint 

— 0.5 sq. in. 


Functional Description 

The CYM1622 is a very high performance 
1-megabit static RAM module organized 
as 64K words by 16 bits. This module is 
constructed using four 64K x 4 static 
RAMs in LCC packages mounted on a 
ceramic substrate with pins. The pinout of 
this module is compatible with two other 
Cypress modules (CYM1611 and 
CYM1624) to maximize system 
flexibility. 

Writing to the module is accomplished 
when the chip select (CE) and write en- 
able (WE) inputs are both LOW. Data on 
the sixteen input/output pins (I/Oo 
through I/O 15 ) of the device is written 


into the memory location specified on the 
address pins (Ao through A 15 ). 

Reading the device is accomplished by 
taking chip select (CS) and o utput enable 
OE) low, while write enable (WE) re- 
mains inactive or HIGH. Under these 
conditions, the contents of the memory 
location specified on the address pins (Ao 
through A 15 ) will appear on the appropri- 
ate data input/output pins (I/Oo through 

i/o 15 ). 

The input/output pins remain in a high- 
impedance state unless the module is se- 
lecte d, ou tputs are enabled, and write en- 
able (WE) is HIGH. 


Logic Block Diagram 



Pin Configuration 


Plastic VDIP 
Top View 


l/O 0 C 

i« 

40 

□ Vcc 

I/O, C 

2 

39 

□ l/0 15 

l/0 2 tz 

3 

38 

□ 1 / 0,4 

I/03C 

4 

37 

□ I/O13 

A 0 C 

5 

36 

□ 1/0,2 

A, C 

6 

35 

□ GND 

a 2 c 

7 

34 

^ A 13 

a 3 I— 

8 

33 

□ A 12 

a 4 c 

9 

32 

□ A ,1 

a 5 c 

10 

31 

3 Aio 

Ag C 

11 

30 

□ a 9 

a 7 c 

12 

29 

□ A e 

I/O 4 c 

13 

28 

□ I/O,, 

I/05C 

14 

27 

□ l/0,o 

l/Og c 

15 

26 

□ i/o 9 

i/o 7 c 

16 

25 

□ l/0 8 

use 

17 

24 

□ WE 

GND C 

18 

23 

□ •51 

A 14 C 

19 

22 

^ A 15 

NCC 

20 

21 

□ NC 


1622-1 1622-2 
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I622HV-25 

1622HV-35 

1622HV-45 

Maximum Access Time (ns) 

25 

35 

45 

Maximum Operating Current (mA) 

400 

400 

400 

Maximum Standby Current (mA) 

140 

140 

140 
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CYM1623 



CYPRESS 
SEMICONDUCTOR 


64K x 16 Static RAM 
Module 


Features 

► High-density 1-megabit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 70 ns 

» 40-pin, 0.6-in.-wide DIP package 
» JEDEC-compatible pin-out 

• Low active power 
— 1.3W (max.) 

» Hermetic SMD technology 

• TTL-compatible inputs and outputs 

• 2V data retention (L version) 


Functional Description 

The CYM1623 is a high-performance 
1-megabit static RAM module organized 
as 64K words by 16 bits. The module is 
constructed using four 32K x 8 static 
RAMs in leadless chip carriers mounted 
onto a double-sided multilayer ceramic 
substrate. A decoder is used to interpret 
the higher-order address A 1S and to select 
one of the two pairs of RAMs. 

Writing to the memory module is accom- 
plishe d when th e chip select (CS), byte 
select (UB, LB) and write enable (WE) 
inputs are both LOW. Data on the 
input/output pins of the selected byte 


(I/O s - I/O is, I/O 0 - I/O?) is written into 
the memory location specified on the 
address pins (Ao through A 15 ). 

Reading the device is accomplishe d by 
taking chip select (CS), byte select (UB, 
LB) and output enable (OE) LOW, while 
WE remains inactive or HIGH. Under 
these conditions, the contents of the 
memory location specified on the address 
pins will appear on the appropriate data 
input/output pins. 

The input/output pins remain in a high- 
impedance state when chip select (CS), 
byte select (UB, LB) or output enabl e 
(OE) is HIGH, or write enable (WE) is 
LOW. 


Logic Block Diagram 



l/0 8- 


i/o. 


/— l/O 0 - l/0 7 


Al5 

rn 

i/o 15 

i/o 14 

1/013 


in Configuration 



DIP 

Top View 



c 

1 * 


40 

□ Vcc 

c 

2 


39 

□ WE 

c 

3 


38 

□ UB 

E 

4 


37 

=1 LB 

c 

5 


36 

□ a 14 

c 

6 


35 

□ A 13 

c 

7 


34 

□ a 12 

c 

8 


33 

□ An 

c 

9 


32 

TJ A 10 

c 

10 


31 

□ a 9 

c 

11 


30 

□ GND 

c 

12 


29 

□ a 8 

c 

13 


28 

□ a 7 

c 

14 


27 

□ a 6 

c 

15 


26 

□ a 5 

c 

16 


25 

□ a 4 

c 

17 


24 

□ a 3 

c 

18 


23 

n a 2 

c 

19 


22 

D A, 

c 

20 


21 

□ A 0 
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1623HD-70 

1623HD-85 

1623HD-100 

Maximum Access Time (ns) 


70 

85 

100 

Maximum Operating Current (mA) 

Commercial 

240 

240 

240 

Maximum Standby Current (mA) 

Commercial 

70 

70 

70 
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CYPRESS 

SEMICONDUCTOR 


CYM1623 


Maximum Ratings 

(Above which the useful life may be impaired.) 


Storage Temperature -65 °C to + 150 °C 

Ambient Temperature with 

Power Applied -10°Cto +70°C 

Supply Voltage to Ground Potential -0.3V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State -0.3V to + 7.0V 

DC Input Voltage -0.3V to + 7.0V 


Notes: 

1. Not more than 1 output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 


AC Test Loads and Waveforms 


Output Current into Outputs (Low) 50 mA 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70°C 

5V ± 10% 


2. A pull-up resistor to Vcc on the CS input is required to keep the de- 
vice deselected during Vcc power-up, otherwise Isb will exceed val- 
ues given. 

3. Tested on a sample basis. 


Electrical Characteristics Over the Operating Range 


Parameters 

Description 

Test Conditions 

CYM1623HD 

Units 

Min. 

Max. 

Voh 

Output HIGH Voltage 

\fcc = Min., Ioh = -1.0 mA 

2.4 


V 

VOL 

Output LOW Voltage 

\^C = Min., Iql = 4.0 mA 


0.4 

V 

Mh 

Input HIGH Voltage 


2.2 

Vcc 

V 

Ml 

Input LOW Voltage 


-0.3 

0.8 

V 

iix 

Input Load Current 

GND < V; < Vcc 

-10 

+ 10 

pA 

to z 

Output Leakage Current 

GND <_ Vo <. Vcc. Output Disabled 

-10 

+ 10 

pA 

toCxl6 

V C c Operating 

Supply Current 

Vcc = Max., 1 OUT = 0 m A 

CS, UB, & LB = V IL 


240 

mA 

tocxs 

Vcc Operating 

Supply Current 

Vcc = Max., I out = 0 mA 

CS = Vil, UB or LB = Vil 


120 

mA 

ISBl 

Automatic CS 

Power-Down Current 121 

Max. Vcc. CS _> Vih , 

Min. Duty Cycle = 100% 


70 

mA 

ISB2 

Automatic CS 

Power-Down Current [2 1 

Max. Vcc. CS _> Vcc - 0.2V, 

Vjn M;c ~ 0.2V or 

V IN <. 0.2V 


20 

mA 


Capacitance [3] 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Cin 

Input Capacitance 

T a = 25 °C, f = 1 MHz 
v cc = 5.0V 

35 

pF 

CoUT 

Output Capacitance 

40 

pF 


R1 1000.0. 


R1 1000X1 


5V O 
OUTPUT O 





INCLUDING X 
JIG AND 
SCOPE 

(a) 


Equivalent to: THEVENIN EQUIVALENT 
400X1 


OUTPUT O- 


-O 2.0V 


3.0V 


ALL INPUT PULSES 


GND 




<. 5 ns 


90% 

10% 


I- 




90% 

10% 


.5 n 
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CYM1623 



CYPRESS 

SEMKXMWCTOR 


Switching Characteristics Over the Operating Range [41 


Parameters 

Description 

1623HD-70 

1623HD-85 

1623HD-100 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

tRC 

Read Cycle Time 

70 


85 


100 


ns 

tAA 

Address to Data Valid 


70 


85 


100 

ns 

tOHA 

Data Hold from Address Change 

5 


5 


5 


ns 

tACS 

CS LOW to Data Valid 


70 


85 


100 

ns 

tDOE 

OE LOW to Data Valid 


40 


50 


60 

ns 

l LZOE 

OE LOW to Low Z 

5 


5 


5 


ns 

tHZOE 

OE HIGH to High Z 


35 


35 


40 

ns 

tLZCS 

CS LOW to Low Zi 4 * 6 > 

5 


5 


5 


ns 

tHZCS 

CS HIGH to High Z [5 6) 


35 


35 


40 

ns 

WRITE CYCLE i 7 ' 

twc 

Write Cycle Time 

70 


85 


100 


ns 

tscs 

CS LOW to Write End 

65 


75 


90 


ns 

tAW 

Address Set-Up to Write End 

65 


75 


90 


ns 

tHA 

Address Hold from Write End 

10 


15 


15 


ns 

tSA 

Address Set-Up to Write Start 

25 


25 


30 


ns 

tpWE 

WE Pulse Width 

60 


70 


80 


ns 

tSD 

Data Set-Up to Write End 

30 


35 


35 


ns 

tHD 

Data Hold from Write End 

10 


10 


15 


ns 

tLZWE 

WE HIGH to Low Z [6] 

5 


5 


5 


ns 

tHZWE 

WE LOW to High Z [5 ' 61 

0 

30 

0 

35 

0 

40 

ns 


Notes: 


7. The inter nal w rite time of the memory is defined by the overlap of CS 
LOW and WE LOW. Both signals must be LOW to initiate a write and 
either signal can terminate a write by going HIGH. The data input 
set-up and hold timing should be referenced to the rising edge of the 
signal that terminates the write. 

8. WE is HIGH for read cycle. 

9. Device is continuously selected, CS = V IL and OE = V IL . 

10. Address valid prior to or coincident with CS transition low. 

11. Data I/O will be high impedance if OE = Vm. 


4. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5 V, input levels of 0 to 3.0V and output loading 
of the specified Ioi/Ioh and 30-pF load capacitance. 

5- tnzcs and tnzwE are specified with Cl = 5 pF as in part (b) of 
AC Test Loads. Transition is measured ± 500 mV from steady state 
voltage. 

6. At any given temperature and voltage condition, t HZC s is less than 

tLZCS for any given device. These parameters are guaranteed and not 
100% tested. 




























































































































CYPRESS 

SEMKXNDUCTOR 


CYM1623 


Data Retention Characteristics (L Version Only) 


Parameter 

Description 

Test Conditions 

CYM1623 

Units 

Min. 

Max. 

Mdr 

Vcc for Retention Data 

Vcc = 2.0V, 

CSj> Vcc- 0.2V 

Mn^ Vcc -0.2V 
orMN<-0.2V 

2.0 


V 

ICCDR 

Data Retention Current 


250 

mA 

tcoRt 13 ! 

Chip Deselect to Data Retention Time 

0 


ns 

t R [13] 

Operation Recovery Time 

t RC [121 


ns 


Notes: 

12. tRc = Read Cycle Time. 14. If CS goes HIGH simultaneously with WE HIGH, the output remains 

13. Guaranteed, not tested. in a high-impedance state. 


Data Retention Waveform 


4.5V" 


*CDR 


- W////7 \ 


DATA RETENTION MODE 




V D r^2V 


7f 


4.5V 




Switching Waveforms [10] 

Read Cycle No. I 1 ®' 91 



DATA VALID 





























1623-11 
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CYPRESS 

SEMK20NIXJCT0R 


CYM1623 


Truth Table 



m 

m 

EH 


Input/Outputs 

Mode 

13 

a 

B 

B 

B 


Deselect/Power-Down 

a 

B 

El 

B 

B 

High Z 

Deselect/Power-Down 

B 

B 

B 

B 

B 

Data Outo-15 

Read 

D 

m 

B 

B 

B 

Data Outo -7 

Read Lower Byte 

B 

a 

El 

B 

B 

Data Outg_i 5 

Read Upper Byte 

B 

B 

B 

B 

B 

Data In 0-15 

Write 

B 

El 

B 

B 

B 

Data In 0-7 

Write Lower Byte 

B 

B 

B 

B 

B 

Data In 8 _i 5 

Write Upper Byte 

B 

B 

B 

B 

B 

High Z 

Deselect 

B 

□ 

B 

B 

□ 

High Z 

Deselect 

B 

B 

B 

B 

B 

High Z 

Deselect 


Document #: 38-M-00011-A 


Ordering Information 


Speed 

Ordering Code 

Package 

Type 

Operating 

Range 

70 

C YM 1623HD-70C 

HD03 

Commercial 

C YM 1623LHD-70C 

HD03 

85 

C YM 1623HD-85C 

HD03 

Commercial 

CYM 1623LHD-85C 

HD03 

100 

C YM 1623HD- 100C 

HD03 

Commercial 

CYM 1623LHD-100C 

HD03 
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CYM1624 


CYPRESS 
SEMICONDUCTOR 


64K x 16 SRAM Module 


Features 

• High-density 1-megabit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 25 ns 

• Low active power 

— 2.75W (max.) 

• SMD technology 

• TTL-compatible inputs and outputs 

• Pin layout compatible with CYM1611 
and CYM1622 

• Low profile 

— Max. height of .54 in. 

• Small PCB footprint 

— 0.7 sq. in. 


Functional Description 

The CYM1624 is a very high performance 
1-megabit static RAM module organized 
as 64K words by 16 bits. This module is 
constructed using four 64K x 4 static 
RAMs in SOJ packages mounted on an 
epoxy laminate board with pins. The 
pinout of this module is compatible with 
two other Cypress modules (CYM1611 
and CYM1622) to maximize system 
flexibility. 

Writing to the module is accomplished 
when the chip select (CE) and write en- 
able (WE) inputs are both LOW. Data on 
the sixteen input/output pins (I/Oo 
through I/O is) of the device is written 


into the memory location specified on the 
address pins (Ao through A 15 ). 

Reading the device is accomplished by 
taking c hip s elect (CS) LOW, while write 
enable (WE) remains inactive or HIGH. 
Under these conditions, the contents of 
the memory location specified on the ad- 
dress pins (Ao through A i5 ) will appear on 
the appropriate data input/output pins 
(I/O 0 through I/O i 5 ). 

The data input/output pins remain in a 

high-impedance state when chip select 

(CS) is HIGH or when write enable (WE) 
is LOW. 


Logic Block Diagram 



- a 15 

WE 


E3 



l/O 0 -1/0 15 


1624-1 


Pin Configuration 

Plastic VDIP 


I/O 3 
A o 
Ai 
A 2 

A 3 

A4 

A5 

a 6 

A 7 


Id p 
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39 

3 

38 

4 

37 

5 

36 

6 

35 

7 

34 

8 

33 

9 

32 

10 

31 

11 

30 

12 

29 

13 

28 

14 

27 

15 

26 

16 

25 

17 

24 

18 

23 

19 

22 

m 



1/0,5 

I/O 1 4 


□ GND 
=3 A 13 
D A 12 
— 1 An 

P A 10 
n a 9 
P a 8 


=3j/0„ 
□ WE 
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1624PV-25 

1624PV-35 

1624PV-45 

Maximum Access Time (ns) 

25 

35 

45 

Maximum Operating Current (mA) 

500 

500 

500 

Maximum Standby Current (mA) 

160 

160 

160 


2-367 





















This is a partial data sheet. For complete data sheet, see Section 8, Modules. 


W CYPRESS 


CYM1641 


SEMICONDUCTOR 


256K x 16 Static RAM 
Module 


Features 

• High-density 4-megabit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 25 ns 

• Customer configurable 

— x4, x8, xl6 

• Low active power 

— 10W (max.) 

• Hermetic SMD technology 

• TTL-compatible inputs and outputs 

• Low profile 

— Max. height of .300 in. 

• Small PCB footprint 

— 2.2 sq. in. 


Functional Description 

The CYM1641 is a high-performance 
4-megabit static RAM module organized 
as 256K words by 16 bits. This module is 
constructed from sixteen 256K x 1 SRAMs 
in leadless chip carriers mounted on a ce- 
ramic substrate with pins. Four separate 
CS pins are used to control each 4-bit nib- 
ble of the 16-bit word. This feature per- 
mits the user to configure this module as 
either 1M x 4, 512K x 8 or 256K x 16 or- 
ganization through external decoding and 
appropriate pairing of the outputs. 

Writing to the device is accomplished 
when t he ch ip select (CS^) and write 
enable (WEu.l) inputs are both LOW. 


Data on the data lines (Dx) is written into 
the memory location specified on the ad- 
dress pins (Ao through A 17 ). 

Reading the device is accomplished by 
taking the ch ip se lect (CSx X ) LOW, while 
write enable (WEu.l) remains HIGH. Un- 
der these conditions the contents of the 
memory location specified on the address 
pins will appear on the data lines (Dx). 

The data output is in the high-impedance 
state when c hip e nable (CS^) is HIGH or 
write enable (WEu.l) is LOW. 

Power is consumed in each 4-bit nibble 
only when the appropriate CS is enabled, 
thus reducing power in the x4 or x8 mode. 


Logic Block Diagram 


Pin Configuration 



DIP 

Top View 


GND C 

1 ^ 

48 

□ 

NC C 

2 

47 

□ 

A 0 C 

3 

46 

□ 

A, C 

4 

45 

□ 

a 2 c 

5 

44 

□ 

we l c 

6 

43 

□ 

CS4-7 1— 

7 

42 

□ 

D4 C 

8 

41 

□ 

Ds C 

9 

40 

□ 

Dg C 

10 

39 

□ 

d 7 c 

11 

38 

□ 

GND C 

12 

37 

□ 

A 9 C 

13 

36 

□ 

A10 c 

14 

35 

n 

An C 

15 

34 

□ 

A12 C 

16 

33 

□ 

A13C 

17 

32 

□ 

WEu C 

18 

31 

□ 

CS12-15C 

19 

30 

□ 

D12 C 

20 

29 

□ 

D13 C 

21 

28 

□ 

di 4 c 

22 

27 

□ 

Dis C 

23 

26 

□ 

Vcc C 

24 

25 

=1 


Vcc 

Do 

Di 

D 2 

d 3 

CSq-3 

a 3 

a 4 

A 5 

a 7 

Aa 

Vcc 

Da 

Dg 

Dio 

& 

CS8-11 

A i4 

Al5 

Aia 

Ai/ 

NC 

GND 


1641-1 1641-2 
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1641HD-25 

1641HD-35 

1641HD-45 

1641HD-55 

Maximum Access Time (ns) 

25 

35 

45 

55 

Maximum Operating Current (mA) 

Commercial 

1800 

1800 

1800 

1800 

Military 


1800 

1800 

1800 

Maximum Standby Current (mA) 

Commercial 

560 

560 

560 

560 

Military 


560 

560 

560 
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s CYPRESS 
r SEMICONDUCTOR 


PRELIMINARY CYM1720 


32K x 24 SRAM Module 


Matures 

1 High-density 768-kbit SRAM module 

> High-speed CMOS SRAMs 
— Access time of 25 ns 

> 56-pin, 0.5-inch-high ZIP package 
' Low active power 

- 1.8W (max.) 

> SMD technology 

' TTL-compatible inputs and outputs 
i Commercial temperature range 
i Small PCB footprint 

— 0.66 sq. in. 


Functional Description 

The CYM1720 is a high-performance 
768-kbit static RAM module organized 
as 32K words by 24 bits. This module is 
constructed using three 32K x 8 static 
RAMs in SOJ packages mounted onto 
an epoxy laminate board with pins. 
Writing to the module is accomplished 
when the chip select (CS) and write en- 
able (WE) inputs are both LOW. Data on 
the input/output pins (I/O 0 through I/O 23 ) 
of the device is written into the memory 
location specified on the address pins 
(Ao through A 14 ). 


Reading the device is accomplished by 
taking chip select (CS) and outp ut en able 
(OE) LOW, while write enable (WE) 
remains inactive or HIGH. Under these 
conditions, the contents of the memory 
location specified on the address pins 
(Ao through A J4 ) will appear on the input/ 
output pins (I/O 0 through I/O 23 ). 

The input/output pins remain in a high- 
impedance state unless the module is 
selected , out puts are enabled, and write 
enable (WE) is HIGH. 
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1720PZ-25 

1720PZ-30 

1720PZ-35 

Maximum Access Time (ns) 

25 

30 

35 

Maximum Operating Current (mA) 

330 

330 

330 

Maximum Standby Current (mA) 

60 

60 

60 
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y* CYPRESS 
= SEMICONDUCTOR 


CYM1821 

16K x 32 Static RAM 
Module 


Features 

• High-density 512-kbit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 12 ns 

• Low active power - 4W (max.) 

• SMD technology 

• TTL-compatible inputs and outputs 

• Low profile 

— Max. height of .50 in. 

• Small PCB footprint 
— 1.0 sq. in. 

• JEDEC-compatible pinout 

• 2 V data retention (L version) 


Functional Description 

The CYM1821 is a high-performance 
512-kbit static RAM module organized as 
16K words by 32 bits. This module is con- 
structed from eight 16K x 4 SRAM SOJ 
packages mounted on an epoxy laminate 
board with pins. Four chip selects (CS t , 
CS 2 , CS 3 and CS 4 ) are used to independ- 
ently enable the four bytes. Reading or 
writing can be executed on individual 
bytes or any combination of multiple bytes 
through proper use of selects. 

Writing to each byte is accomplished when 
the appropri ate ch ip selects (CSn) and 
write enable (WE) inputs are both LOW. 
Data on the input/output pins 
(I/Ox) i s written into the memory 


location specified on the address pins 
(Ao through A 13 ). 

Reading the device is accomplished by 
taking the ch ip se lects (CSn) LOW, while 
write enable (WE) remains HIGH. Under 
these conditions the contents of the mem- 
ory location specified on the address pins 
will appear on the data input/output pins 
(I/Ox). 

The data input/output pins stay in the 
high- impedance state when write enable 
(WE) is LOW, or the appropriate chip 
selects are HIGH. 

Two pins (PDO and PD1) are used 
to identify module memory density in 
applications where alternate versions 
of the JEDEC standard modules can be 
interchanged. 
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Maximum Access Time (ns) 


Maximum Operating Current (mA) 


Maximum Standby Current (mA) 


Shaded area contains preliminary information. 


1821PZ-12 

1821PZ-15 

1821PZ-20 

1821PZ-25 

1821PZ-35 

12 

15 

20 

25 

35 

960 

960 

720 

720 

720 

450 

450 

160 

160 

160 
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CYM1822 

CYPRESS — ' — = 

SEMICONDUCTOR 16K x 32 Static RAM Module 

with Separate I/O 


Matures 

High-density 512K-bit SRAM module 
High-speed CMOS SRAMs 

— Access time of 12 ns 
Low active power 

— 5.3W (max.) 

Hermetic SMD technology 
TTL-compatible inputs and outputs 
Low profile 

— Max. height of .52 in. 

Small PCB footprint 

— 1.0 sq. in. 


Functional Description 

The CYM1822 is a high-performance 
512-kbit static RAM module organized 
as 16K words by 32 bits. This module is 
constructed from eight 16K x 4 separate 
I/O SRAMs in leadless chip carriers 
mounted on a ceramic substrate with pins. 
Two chip selects (CS(j and CSl) are used 
to independently enable the upper and 
lower 16-bit data words. 

Writing to the device is accomplished 
when the chip sel ects (CS; ; and/or CSl) 
and write enable (WE) inputs are both 
LOW. Data on the input pins (DI X ) is 


written into the memory location specified 
on the address pins (Ao through A 13 ). 
Reading the device is accomplished by 
taking the chip selects (CSi j and/or CSl) 
and out put e nable (OE) LOW, while write 
enable (WE) remains HIGH. Under these 
conditions the contents of the memory 
location specified on the address pins will 
appear on the data output pins (DO*). 

The output pins stay in the high-impe- 
dance state when write enable (WE) is 
LOW, the appropriate chip selects are 
HIGH, or OE is HIGH. 


2V data retention (L version) 


Logic Block Diagram 



Pin Configuration 


GND 
DIO 
Dll 
DI2 
DI3 
DI4 
DI5 
DI6 
DI7 
AO 
A 2 
A4 
DIB 
DI9 
DI10 
Dili 
DI12 
DI13 
DIM 
DI15 
WE 
VCC 
OE 
Dll 6 
Dll 7 
Dll 8 
DI19 
DI20 
DI21 
DI22 
DI23 
A6 
A8 
A10 
A12 
DI24 
DI25 
DI26 
DI27 
DI28 
DI29 
DI30 
DI31 
GND 


VDIP 


c 

1 

88 

3 VCC 

c 

2 

87 

3 DOO 

c 

3 

86 

3 D01 

c 

4 

85 
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5 

84 

3 D03 

c 

6 

83 

3 D04 

c 

7 

82 

3 D05 

c 

8 

81 

3 DOG 

c 

9 

80 

3 D07 

c 

10 

79 

3 A1 

L 

11 

78 

3 A3 

c 

12 

77 

3 AS 

c 

13 

76 

3 D08 

c 

14 

75 

3 D09 

L 

15 

74 

3 D010 

l_ 

16 

73 

3 DOII 

C 

17 

72 

3 D012 

tr 

18 

71 

3 D013 

c 

19 

70 

3 DOM 

c 

20 

69 

3 D015 

c 

21 

68 

3 ‘55L 

L 

22 

67 

3 GND 

c 

23 

66 

3 Ssu 

c 

24 

65 

3 D016 

c 

25 

64 

3 D017 

L 

26 

63 

3 D018 

C 

27 

62 

3 0019 

U 

28 

61 

3 DO 20 

C 

29 

60 

3 D021 

C 

30 

59 
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31 

58 

3 D023 

C 

32 

57 

3 A7 
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33 

56 

3 A9 

l_ 

34 

55 

3 All 

C 

35 

54 

3 A13 

n 

36 

53 

3 D024 

c 

37 

52 

3 D025 

l_ 

38 

51 

3 D026 

c 

39 

50 

3 D027 

c 

40 

49 

3 D028 

c 

41 

48 

3 D029 

c 

42 

47 

3 DO30 

L. 

43 

46 

3 D031 

IZ 

44 

45 

3 VCC 

1822-2 
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1822HV-12 

1822HV-15 

I822HV-20 

1822HV-25 

1822HV-30 

1822HV-35 

1822HV-45 


III 12 

15 

20 

25 

30 

35 

45 


Commercial 

960 

960 

720 

720 

720 

720 

720 

(mA) 

Military 


960 

960 

720 

720 

720 

720 


Commercial 

450 

450 

160 

160 

160 

160 

160 



Military 


450 

450 

160 

160 

160 

160 
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CYPRESS 


CYM1830 


SEMICONDUCTOR 


64K x 32 Static RAM 
Module 


Features 

• High-density 2-megabit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 25 ns 

• Independent byte and word controls 

• Low active power 

- 4.8W (max.) 

• Hermetic SMD technology 

• TTL-compatible inputs and outputs 

• Low profile 

— Max. height of .270 in. 

• Small PCB footprint 

— 1.8 sq. in. 


Functional Description 

The CYM1830 is a high-performance 
2-megabit static RAM module organized 
as 64K words by 32 bits. This module is 
constructed from eight 64K x 4 SRAMs in 
LCC packages mounted on a ceramic sub- 
strate with pins. Four chip selects (CSq 
CS, ,CS 2 and CS 3 ) are used to independ- 
ently enab le the four bytes. Two write en- 
ables (WE 0 and WE,) are used to inde- 
pendently write to either upper or lower 
16-bit word of RAM. Reading or writing 
can be executed on individual bytes or any 
combination of multiple bytes through 
proper use of selects and write enables. 
Writing to each byte is accomplished when 
the appropriate chip select (CSx) and write 


enable (WEx) inputs are both LOW. Data 
on the input/output pins (I/Ox) is written 
into the memory location specified on the 
address pins (Ao through Ai 5 ). 

Reading the device is accomplished by 
taking the chi p sel ects (CSx) LOW, while 
write enables(WEx) remains HIGH. Un- 
der these conditions the contents of the 
memory location specified on the address 
pins will appear on the data input/output 
pins (I/Ox). 

The Data input/output pins stay in the 
high-impedance state when write enables 
(WEx) are LOW, or the appropriate chip 
selects are HIGH. 


Logic Block Diagram 
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1830HD-25 

1830HD-30 

1830HD-35 

1830HD-45 

1830HD-55 

Maximum Access Time (ns) 

25 

30 

35 

45 

55 

Maximum Operating Current (mA) 

Commercial 

880 

880 

880 

880 

880 

Military 



880 

880 

880 

Maximum Standby Current (mA) 

Commercial 

320 

320 

320 

320 

320 

Military 



320 

320 

320 
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CYPRESS 

SEMICONDUCTOR 


CYM1831 

64K x 32 Static RAM 
Module 


Features 

• High-density 2M-bit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 25 ns 

• Low active power 

— 4W (max.) 

• SMD technology 

• TTL-compatible inputs and outputs 

• Low profile 

— Max. height of .50 in. 

• Small PCB footprint 

— 1.2 sq. in. 

• JEDEC-compatible pinout 


Logic Block Diagram 
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Functional Description 

The CYM1831 is a high-performance 
2-Mbit static RAM module organized as 
64K words by 32 bits. This module is con- 
structed from eight 64K x 4 SRAMs in 
SOJ packages mounted on an epoxy lami- 
nate board with pins. Four chip selects 
(CSi, CS 2 , CS 3 and CS 4 ) are used to inde- 
pendently enable the four bytes. Reading 
or writing can be executed on individual 
bytes or any combination of multiple bytes 
through proper use of selects. 

Writing to each byte is accomplished when 
the appropri ate ch ip selects (CSn) and 
write enable (WE) inputs are both LOW. 
Data on the input/output pins 
(I/Ox) > s written into the memory 
location specified on the address pins 
(Ao through A 15 ). 


PDO-Open 

PD1-GND 


l/O 0 - 1/0 3 


l/O s - I/On 


l/0 16 -l/0 19 


I/O 24 - I/O 27 


Maximum Access Time (ns) 


Maximum Operating Current (mA) 


Maximum Standby Current (mA) 


Reading the device is accomplished by 
taking the chip selects (CSn) LOW and 
outp ut en able (OE) low, while write en- 
able (WE) remains HIGH. Under these 
conditions the contents of the memory 
location specified on the address pins will 
appear on the data input/output pins 
(I/Ox). 

The data input/output pins stay in the 
high- impedance state when write enable 
(WE) is LOW, or the appropriate chip 
selects are HIGH. 

Two pins (PDO and PD1) are used to 
identify module memory density in 
applications where alternate versions 
of the JEDEC standard modules can be 
interchanged. 


Pin Configuration 


ZIP 

Top View 


SRAMPf" l/0 <- |/0 ' 


SR K AM 4 K- 1/012 1/015 


SR K AM 4 bf- I/O 20 ~ l/0 23 


SRAMbf- ,/0 ^- ,/0 3i 


1831PM-25 

1831PZ-25 

1831PM-30 

1831PZ-30 

1831PM-35 

1831PZ-35 

1831PM-45 

1831PZ-45 

25 

30 

35 

45 

720 

720 

720 

720 

160 

160 

160 

160 



























This is a partial data sheet. For complete data sheet, see Section 8, Modules. 
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CYM1832 

64K x 32 Static RAM 
Module 


Features 

• High-density 2-Mbit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 25 ns 

• Low active power 
- 5.4W (max.) 

• SMD technology 

• TTL-compatible inputs and outputs 

• Low profile 

— Max. height of .50 in. 

• Small PCB footprint 
— 1.0 sq. in. 


Functional Description 

The CYM1832 is a high-performance 
2-Mbit static RAM module organized as 
64K words by 32 bits. This module is con- 
structed from eight 64K x 4 SRAMs in 
SOJ packages mounted on an epoxy lami- 
nate board with pins. Four chip selects 
(CSi, CS2, CS3, and CS 4 ) are used to inde- 
pendently enable the four bytes. Reading 
or writing can be executed on individual 
bytes or any combination of multiple bytes 
through proper use of selects. 

Writing to each byte is accomplished when 
the appropria te ch ip selects (CSn) and 
write enable (WE) inputs are both LOW. 
Data on the input/output pins 



(I/Ox) * s written into the memory 
location specified on the address pins 
(Ao through A 15 ). 

Reading the device is accomplished by 
taking the ch ip se lects (CSn) LOW, while 
write enable (WE) remains HIGH. Under 
these conditions the contents of the mem- 
ory location specified on the address pins 
will appear on the data input/output pins 
(I/Ox). 

The data input/output pins stay in the 
high- impedance state when write enable 
(WE) is LOW, or the appropriate chip 
selects are HIGH. 


Pin Configuration 


Top View 



1832-2 


Selection Guide 



1832PZ-25 

1832PZ-35 

1832PZ-45 

1832PZ-55 

Maximum Access Time (ns) 

25 

35 

45 

55 

Maximum Operating Current (mA) 

980 

980 

980 

980 

Maximum Standby Current (mA) 

240 

240 

240 

240 
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PRELIMINARY CYM1841 

256K X 32 Static RAM 
Module 


Features 

• High-density 8-Mbit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 35 ns 

» Low active power 

- 5.3W (max.) 

i SMD technology 

» TTL-compatible inputs and outputs 

• Low profile 

— Max. height of .58 in. 

• Small PCB footprint 

— 1.3 sq. in. 

• JEDEC-compatible pinout 


Functional Description 

The CYM1841 is a high-performance 
8-Mbit static RAM module organized as 
256K words by 32 bits. This module is 
constructed from eight 256K x 4 SRAMs 
in SOJ packages mounted on an epoxy 
laminate board wit h pins. Four chip se- 
lects (CSi, CS 2 , CS 3 , CS 4 ) are used to in- 
dependently enable the four bytes. Read- 
ing or writing can be executed on individ- 
ual bytes or any combination of multiple 
bytes through proper use of selects. 

Writing to each byte is accomplished 
when the appropr iate chip selects (CSn) 
and write enable (WE) inputs are both 
LOW. Data on the input/output pins 
(I/O*) is written into the memory 


location specified on the address pins 
(Ao through A 17 ). 

Reading the device is accomplished by 
taking the chi p se lects (CSn) LOW, while 
write enable (WE) remains HIGH. Under 
these conditions the contents of the 
memory location specified on the address 
pins will appear on the data input/output 
pins (I/O x ). 

The data input/output pins stay in the 
high- impedance state when write enable 
(WE) is LOW, or the appropriate chip 
selects are HIGH. 

Two pins (PDO and PD1) are used to 
identify module memory density in 
applications where alternate versions 
of the JEDEC standard modules can be 
interchanged. 




Selection Guide 




1841PM-35 

1841PZ-35 

1841PM-45 

1841PZ-45 

1841PM-55 

1841PZ-55 

35 

45 

55 

960 

960 

960 

480 

480 

480 


2-375 
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PRELIMINARY CYM1910 


16K x 68 SRAM Module 


Features 

• High-density 1-megabit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 25 ns 

• Low active power 

- 10.4W (max.) 

• 8MD technology 

• Registered address inputs 

• Four completely independent memory 
banks 

• Small PCS footprint 

— 1.9 sq. in. 


Functional Description 

The CYM1910 is a very high perform- 
ance 1-megabit static RAM module 
organized as 16K words by 68 bits. This 
module is constructed using seventeen 
16K x 4 static RAMs in SOJ packages 
mounted onto an epoxy laminate board 
with pins. The memory is organized as 
three banks of 16K x 16 and one of 16K x 
20, each of which has its own chip select, 
write enable, and output enable signals. 
Writing to the module is accomplished 
when the appropr iate chip select (CS*) 
and write enable (WE*) inputs are both 
LOW. Data on the appropriate input/out- 
put pins (I/O nn ) of the device is written 


into the memory location specified by the 
content of the address register. The ad- 
dress register is loaded on the rising edge 
of the clock signal (CLK). 

Reading the device is accomplished by 
taking chip selec t (CS X ) and output enable 
(OE*) low while WE* remains inactive or 
HIGH. Under these conditions, the con- 
tents of the memory location specified by 
the contents of the address register will 
appear on the appropriate data input/out- 
put pins (I/O n „). 

The data input/output pins remain in a 
high-impedance state w hen chip select 
(CS X ) or output ena ble ( OE*) is HIGH, or 
when write enable (WE*) is LOW. 


Logic Block Diagram Pin Configuration 


Plastic VDIP 
Top View 
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PRELIMINARY CYM1911 


16K x 68 SRAM Module 


Features 

• High-density 1-megabit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 25 ns 

• Low active power 

— 10.4W (max.) 

• SMD technology 

• Latched address inputs 

• Four completely independent memory 
banks 

• Small PCB footprint 

— 1.9 sq. in. 

Functional Description 

The CYM1911 is a very high 
performance 1-megabit static RAM 


module organized as 16K words by 
68 bits. This module is constructed using 
seventeen 16K x 4 static RAMs in SOJ 
packages mounted onto an epoxy lami- 
nate board with pins. The memory is 
organized as three banks of 16K x 16 and 
one of 16K x 20, each of which has its 
own chip select, write enable, and output 
enable signals. 

Writing to the module is accomplished 
when the appropr iate chip select (CSx) 
and write enable (WE X ) inputs are both 
LOW. If Latch Enable (ALE) is HIGH, 
data on the appropriate input/output pins 
(I/O n „) of the device is written into the 
memory location specified on the address 
pins (Ao through Ai 3 ). If ALE is LOW, 
data is written into the address specified 


by the contents of the address latch. The 
value in this latch is updated on the fall- 
ing edge of ALE. 

Reading the device is accomplished by 
takin g ch ip select (CS X ) and output en- 
able (OE x ) LOW while WE X remains in- 
active or HIGH. If Latch Enable (ALE) 
is HIGH, the contents of the memory 
location specified on the address pins 
(Ao through Ai 3 ) will appear on the ap- 
propriate data input/output pins (I/O ra ). 
If ALE is LOW, the contents of the 
memory location specified by the value in 
the address latch will appear on I/O nn . 
The data input/output pins remain in a 
high-impedance state w hen chip select 
(CS X ) or output enabl e (OE x ) is HIGH, 
or when write enable (WE X ) is LOW. 
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Introduction to CMOS PROMs 


1: Product Line Overview 

The Cypress CMOS family of PROMs span 4K to 512K 
bit densities, three functional configurations, and are all 
byte- wide. The product line is available in both 0.3 and 0.6 
inch wide dual-in-line plastic and CERDIP as well as LCC 
and PLCC packages. The programming technology is 
EPROM and therefore windowed packages are available in 
both dual-in-line and LCC configurations, providing eras- 
able products. These byte-wide products are available in 
registered versions at the 512, IK, 2K, 8K, 32K, and 64K 
by 8 densities and in non-registered versions at the IK, 2K, 
8K, 16K, 32K, and 64K by 8 densities. The registered de- 
vices operate in either synchronous or asynchronous out- 
put enable modes and may have an initialize feature to 
preload the pipeline register. The 8K by 8 registered devic- 
es feature a diagnostic shadow register which allows the 
pipeline register to be loaded or examined via a serial path. 

Cypress PROMs perform at the level of their bipolar equiv- 
alents or beyond with reduced power levels of CMOS tech- 
nology. They are capable of 2001 volts of ESD and operate 
with 10% power supply tolerances. 

2: Technology Introduction 

Cypress PROMs are executed in an “N” well CMOS 
EPROM process. Densities of 128K and under with the 
exception of the “A” series devices use the 1.2 micron 
PROM I technology. The 16K “A” series devices and the 
future 256K PROMs use the 0.8 micron PROM II tech- 
nology with a single ended piemory cell. The process pro- 
vides basic gate delays of 235 picoseconds for a fanout of 
one at a power consumption of 45 femto joules. The pro- 
cess provides the basis for the development of LSI products 
that outperform the fastest bipolar products currently 
available. 

Although CMOS static RAMs have challenged bipolar 
RAMs for speed, CMOS EPROMs have always been a 
factor of three to ten times slower than bipolar fuse 
PROMs. There have been two major limitations on CMOS 
EPROM speed; 1) the single transistor EPROM cell is in- 
herently slower than the bipolar fuse element, and 2) 
CMOS EPROM technologies have been optimized for cell 
programmability and density, almost always at the expense 
of speed. In the Cypress CMOS EPROM technology, both 
of the aformentioned limitations have been overcome to 
create CMOS PROMs with performance superior to 
PROMs implemented in bipolar technology. 

In all Cypress PROMs, speed and programmability are op- 
timized independently by separating the read and write 
transistor functions. Also, for the first time a substrate bias 
generator is employed in an EPROM technology to im- 
prove performance and raise latchup immunity to greater 
than 200 mA. The result is a CMOS EPROM technology 
that challenges bipolar fuse technology for both density 
and speed. In addition, at higher densities, performance 
and density surpasses the best that bipolar can provide. 
Limitations of devices implemented in the bipolar fuse 
technology such as PROGRAMMING YIELD, POWER 
DISSIPATION and HIGHER DENSITY PERFORM- 
ANCE are eliminated or greatly reduced using Cypress 
CMOS EPROM technology. 


3: Design Approach 

A. Four Transistor Differential Memory Cell 

The 4K, 8K, and 16K PROM (except “A” version) use an 
N-Well CMOS technology along with a new differential 
four transistor EPROM cell that is optimized for speed. 
The area of the four transistor cell is 0.43 square mils and 
the die size is 19,321 square mils for the 2K by 8 PROM 
( Figure 1 ). The floating gate cell is optimized for high read 
current and fast programmability. This is accomplished by 
separating the read and program transistors {Figure 2). The 
program transistor has a separate implant to maximize the 
generation and collection of hot electrons while the read 
transistor implant dose is chosen to provide a large read 
current. Both the n and p channel peripheral transistors 
have self-aligned, shallow, lightly doped drain (LDD) junc- 
tions. The LDD structure reduces overlap capacitance for 
speed improvement and minimizes hot electron injection 
for improved reliability. Although common for NMOS 
static and dynamic RAMs, an on-chip substrate bias gener- 
ator is used for the first time in an EPROM technology. 
The results are improved speed, greater than 200 mA 
latch-up immunity and high parasitic field inversion volt- 
ages during programming. 



Figure 1 


BR BP 


BR BP 


ji i |i i | 

— +■ — + + — f- 


Figure 2. Non-volatile cell optimized 
for speed and programmability 


Access times of less than 35 ns at 16K densities and 30 ns 
at 4K and 8K densities over the full operating range are 
achieved by using differential design techniques and by to- 
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Introduction to CMOS PROMs 


(Continued) 



tally separating the read and program paths. This allows 
the read path to be optimized for speed. The X and Y 
decoding paths are predecoded to optimize the power-delay 
product. A differentail sensing scheme and the four transis- 
tor cell are used to sense bit-line swings as low as 100 mV 
at high speed. The sense amplifier ( Figure 5) consists of 
three stages of equal gain. A gain of 4 per stage was found 
to be optimum. The Cascode stage amplifies the bit line 
swings and feeds them into a differential amplifier. The 
output of the differential amplifier is further amplified and 
voltages shifted by a level shifter and latch. This signal is 
then fed into an output buffer having a TTL fan-out of ten. 

B. Two Transistor Memory Cell 

The Cypress 64K and greater density PROMs use a two 
transistor memory cell. This cell uses a single ended sens- 
ing scheme with the exception of the 256K device which 
uses a differential sensing circuit. This combination allows 
for a more compact design and reduced manufacturing 
costs. This is an excellent compromise between perform- 
ance and high density, allowing the development of devices 
with performance of 35 ns and 45 ns access times at densi- 
ties from 64K to 256K bits and 25 ns for the “A” series 
16K using the PROM II technology. This two transistor 
cell still uses the high speed read transistor and the opti- 
mized EPROM transistor for performance and reliable 
programming. The sense amplifier uses a reference voltage 
on one input and the read transistor on the other, instead 
of two read transistors. This single ended sensing is a more 
conventional technique and has the effect of causing an 
erased device to contain all “0”s. 

4: Programming 

A. Differential Memory Cells 

Cypress PROMs are programmed a BYTE at a time by 
applying 12 to 14 volts on one pin and the desired logic 


levels to input pins. Both logic “ONE” and logic “ZERO” 
are programmed into the differential cell. A BIT is pro- 
grammed by applying 12 to 14 volts on the control gate 
and 9 volts on the drain of the floating gate write transis- 
tor. This causes hot electrons from the channel to be inject- 
ed onto the floating gate thereby raising the threshold volt- 
age. Because the read transistor shares a common floating 
gate with the program transistor, the threshold of the read 
transistor is raised from about 1 volt to greater than 5 volts 
resulting in a transistor that is turned “OFF” when select- 
ed in a read mode of operation. Since both sides of the 
differential cell are at equal potential before programming, 
a threshold shift of 100 mV is enough to be determined as 
the correct logic state. Because an unprogrammed cell has 
neither a ONE nor a ZERO in it before programming, a 
special BLANK CHECK mode of operation is implement- 
ed. In this mode the output of each half of the cell is com- 
pared against a fixed reference which allows distinction of 
a programmed or unprogrammed cell. A MARGIN mode 
is also provided to monitor the thresholds of the individual 
BITs allowing the monitoring of the quality of program- 
ming during the manufacturing operation. 

B. Single Ended Memory Cells 

The programming mechanism of the EPROM transistor in 
a single ended memory cell is the same as its counterpart in 
a double ended memory cell. The difference is that only 
ones “l”s are programmed in a single ended cell. A “1” 
applied to the I/O pin during programming causes an 
erased EPROM transistor to be programmed while a “0” 
allows the EPROM transistor to remain unprogrammed. 

5: Erasability 

For the first time at PROM speeds, Cypress PROMs using 
CMOS EPROM technology offer reprogrammability when 
packaged in windowed CERDIP. This is available at densi- 
ties of 16K and larger, both registered and non-registered. 
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Introduction to CMOS PROMs (continued) 


Wavelengths of light less than 4000 Angstroms begin to 
erase Cypress PROMs. For this reason, an opaque label 
should be placed over the window if the PROM is exposed 
to sunlight or fluorescent lighting for extended periods of 
time. 

The recommended dose of ultraviolet light for erasure is a 
wavelength of 2537 Angstroms for a minimum dose (UV 
intensity X exposure time) of 25 Wsec/cm 2 . For an ultra- 
violet lamp with a 12 mW/cm 2 power rating the exposure 
time would be approximately 30-35 minutes. The industry 
EPROM erasure standard is 15 Wsec/cm 2 . Cypress 
EPROMs require l 2 / 3 longer erase times. 

The PROM needs to be within 1 inch of the lamp during 
erasure. Permanent damage may result if the PROM is 
exposed to high intensity light for an extended period of 
time. 7258 Wsec/cm 2 is the recommended maximum dos- 
age. 


Some devices are sensitive to photo-electric effects during 
programming. Cypress recommends covering the windows 
of reprogrammable devices during programming. 

6: Reliability 

The CMOS EPROM approach to PROMs has some signif- 
icant benefits to the user in the area of programming and 
functional yield. Since a cell may be programmed and 
erased multiple times, CMOS PROMs from Cypress can be 
tested 100% for programmability during the manufactur- 
ing process. Because each CMOS PROM contains a 
PHANTOM array, both the functionality and performance 
of the devices may be tested after they are packaged thus 
assuring the user that not only will every cell program, but 
that the product performs to the specification. 
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512 x 8 Registered PROM 


Features 


• CMOS for optimum 
speed/power 

• High speed 

— 25 ns max set-up 

— 12 ns clock to output 

• Low power 

— 495 mW (commercial) 

— 660 mW (military) 

• Synchronous and asynchronous 
output enables 

• On-chip edge-triggered 
registers 

• Buffered Common PRESET and 
CLEAR inputs 

• EPROM technology, 100% 
programmable 


• Slim, 300 mil, 24 pin plastic or 
hermetic DIP, or 28 pin LCC 

• 5V ± 10% VcC) commercial and 
military 

• TTL compatible I/O 

• Direct replacement for 
bipolar PROMs 

• Capable of withstanding 
greater than 1500V static 
discharge 

Product Characteristics 

The CY7C225 is a high performance 
512 word by 8 bit electrically Program- 
mable Read Only Memory packaged in 
a slim 300 mil plastic or hermetic DIP 
and 28 pin Leadless Chip Carrier. The 
memory cells utilize proven EPROM 


floating gate technology and byte-wide 
intelligent programming algorithms. 

The CY7C225 replaces bipolar devices 
and offers the advantages of lower 
power, superior performance and high 
programming yield. The EPROM cell 
requires only 13.5V for the supervolt- 
age and low current requirements allow 
for gang programming. The EPROM 
cells allow for each memory location to 
be tested 100%, as each location is 
written into, erased, and repeatedly ex- 
ercized prior to encapsulation. Each 
PROM is also tested for AC perform- 
ance to guarantee that after customer 
programming the product will meet 
AC specification limits. 

The CY7C225 has asynchronous PRE- 
SET and CLEAR functions. 


Logic Block Diagram 
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Selection Guide 



7C225-25 

7C225-30 

7C225-35 

7C225-40 

Maximum Set-up Time (ns) 

25 

30 

35 

40 

Maximum Clock to Ouput (ns) 

12 

15 

20 

25 

Maximum Operating 

Current (mA) 

Commercial 

90 

90 


90 

Military 


120 

120 

120 


34 
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CY7C225 


Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature — 65°C to + 1 50°C 

Ambient Temperature with 

Power Applied — 55°C to + 125°C 

Supply Voltage to Ground Potential 

(Pin 24 to Pin 12) -0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State — 0.5V to + 7.0V 

DC Input Voltage - 3.0V to + 7.0V 

DC Program Voltage (Pins 7, 18, 20) 14.0V 


Static Discharge Voltage > 1500V 

(Per MIL-STD-883 Method 3015) 

Latch-up Current > 200 mA 

Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70°C 

5V ± 10% 

Military 

— 55°C to + 125°C 

5V ± 10% 


Electrical Characteristics Over Operating Ranged 


Parameters 

Description 

Test Conditions 

Min. 

Max. 

Units 

VOH 

Output HIGH Voltage 

Vcc = Min., Ioh = —4.0 mA 

Vin = Vih or Vjl 

2.4 



VOL 

Output LOW Voltage 

Vcc = Min., Iol = — 16 mA 

Vin = ViRorViL 


0.4 

D 

VlH 

Input HIGH Level 

Guaranteed Input Logical HIGH 

Voltage for All Inputs ^ 

2.0 


D 

VlL 

Input LOW Level 

Guaranteed Input Logical LOW 

Voltage for All inputs W 


0.8 

D 

Iix 

Input Leakage Current 

GND<; Vin ^ Vcc 

-10 

+ 10 

jixA 

VcD 

Input Clamp Diode 

Voltage 

Note 1 




loz 

Output Leakage Current 

GND ^ Vo ^ Vcc Output Disabled^ 

-40 

+ 40 

ju.A 

los 

Output Short Circuit Current 

Vcc = Max., VouT = 0.0VE3] 

-20 

-90 

mA 

Icc 

Power Supply Current 

GND < Vin £ V C c 
Vcc = Max. 

Commercial 


90 

mA 

Military 


120 


Capacitance 


Parameters 

Description 

Test Conditions 

Max. 

Units 

ClN 

Input Capacitance 

T a = 25°C, f = 1 MHz, V C c = 5.0V 

5 

pF 

COUT 

Output Capacitance 

T a = 25°C, f = 1 MHz, V C c = 5.0V 

8 

pF 


Notes: 

1. The CMOS process does not provide a clamp diode. However, the 
CY7C225 is insensitive to — 3V dc input levels and — 5V undershoot 
pulses of less than 10 ns (measured at 50% point). 

2. These are absolute voltages with respect to device ground pin and 
include all overshoots due to system and/or tester noise. Do not at- 
tempt to test these values without suitable equipment (see Notes on 
Testing). 

3. For test purposes, not more than one output at a time should be 
shorted. Short circuit test duration should not exceed 30 seconds. 


4. For devices using the synchronous enable, the device must be clocked 
after applying these voltages to perform this measurement. 

5. Tested initially and after any design or process changes that may 
affect these parameters. 

6. Ta is the “instant on” case temperature. 

7. See the last page of this specification for Group A subgroup testing 
information. 
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CY7C225 


Switching Characteristics Over operating Ranged, s] 


Parameters 

Description 

7C225-25 

7C225-30 

7C225-35 

7C225-40 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

tSA 

Address Setup to Clock HIGH 

25 


30 


35 


40 


ns 

tHA 

Address Hold from Clock HIGH 

0 


0 


0 


0 


ns 

tco 

Clock HIGH to Valid Output 


12 


15 


20 


25 

ns 

tpwc 

Clock Pulse Width 

10 


15 


20 


20 


ns 

tSE S 

E S Setup to Clock HIGH 

10 


10 


10 


10 


ns 

tHEs 

Es Hold from Clock HIGH 

0 


5 


5 


5 


ns 

tDP, tDC 

Delay from PRESET or CLEAR to Valid Output 


20 


20 


20 


20 

ns 

tRP, tRC 

PRESET or CLEAR Recovery to Clock HIGH 

15 


20 


20 


20 


ns 

tpwp, tpwc 

PRESET or CLEAR Pulse Width 

15 


20 


20 


20 


ns 

tcos 

Valid Output from 

Clock HIGHlU 


20 


20 


25 


30 

ns 

tHZC 

Inactive Output from Clock HIGH! 1 - 3) 


20 


20 


25 


30 

ns 

tDOE 

Valid Output from E LOW^l 


20 


20 


25 


30 

ns 

tHZE 

Inactive Output from 

E HIGH [2. 31 


20 


20 


25 


30 

ns 


Notes: 

1. Applies only when the synchronous (Es) function is used. 5. 

2. Applies only when the asynchronous (E) function is used. 6. 

3. Transition is measured at steady state HIGH level — 500 mV or 7. 

steady state LOW level + 500 mV on the output from the 1.5V level 8. 

on the input with loads shown in Figure lb. 

4. Tests are performed with rise and fall times of 5 ns or less. 

AC Test Loads and Waveforms 7] 


See Figure la for all switching characteristics except tnz- 
See Figure lb for tnz- 

All device test loads should be located within 2" of device outputs. 
See the last page of this specification for Group A subgroup testing 
information. 
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Figure lb 


ALL INPUT PULSES 



Figure 2 
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Functional Description 

The CY7C225 is a CMOS electrically Programmable Read 
Only Memory organized as 512 words x 8-bits and is a pin- 
for-pin replacement for bipolar TTL fusible link PROMs. 
The CY7C225 incorporates a D-type, master-slave register 
on chip, reducing the cost and size of pipelined micropro- 
grammed systems and applications where accessed PROM 
data is stored temporarily in a register. Additional flexibili- 
ty is provided with sync hronous (Es) and async hronous 
(E) output enables, and CLEAR and PRESET inputs. 

Upon power-up, the synchronous enable (Es) flip-flop will 
be in the set condition causing the outputs (O0-O7) to be 
in the OFF or high impedance state. Data is read by 


applying the memory location to the address inputs (Ao~ 
Ag) and a logic LOW to the enable (Es) input. The stored 
data is accessed and loaded into the master flip-flops of the 
data register during the address set-up time. At the next 
LOW-to-HIGH transition of the clock (CP), data is trans- 
ferred to the slave flip-flops, which drive the output buff- 
ers, and the accessed data will appear at_the outputs (Oo- 
O7) provided the asynchronous enable (E) is also LOW. 

The outputs may be disabled at any time by switching the 
asynchronous enable (E) to a logic HIGH, and may be 
returned to the active state by switching the enable to a 
logic LOW. 
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Functional Description (Continued) 

Regardless of the condition of E, the outputs will go to the 
OFF or high impedance state upon_the next positive clock 
edge after the synchronous enable (Es) input is switched to 
a HIGH level. If the synchronous enable pin is switched to 
a logic LOW, the subsequent positive^ clock edge will re- 
turn the output to the active state if E is LOW. Following a 
positive clock edge, the address and synchronous enable 
inputs are free to change since no change in the output will 
occur until the next low to high transition of the clock. 

This unique feature allows the CY7C225 decoders and 
sense amplifiers to access the next location while previously 
addressed data remains stable on the outputs. 

System timing is simplified in that the on-chip edge trig- 
gered register allows the PROM clock to be derived direct- 
ly from the system clock without introducing race condi- 
tions. The on-chip register timing requirements are similar 
to those of discrete registers available in the market. 


The CY7 C225 h as buf fered asynchronous CLEAR and 
PRESET input (INIT). The initialize function is useful 
during power-up and time-out sequences. 

Applying a LOW to the PRESET input causes an immedi- 
ate load of all ones into the master and slave flip-flops of 
the register, independent of all other inputs, i ncluding the 
clock (CP). Applying a LOW to the CLEAR input, resets 
the flip-flops to all zeros. The initialize data will appear at 
the device outputs after the outputs are enabled by bringing 
the asynchronous enable (E) LOW. 

When power is applied the (internal) synchronous enable 
flip-flop will be in a state such that the outputs will be in 
the high impedance state. In order to enable the outputs a 
clock must occur and the Es input pin must be LOW at 
least a setup time prior to the clock LOW to HIGH tran- 
sition. The E input may then be used to enable the outputs. 


Switching Waveforms 
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Notes on Testing 

Incoming test procedures on these devices should be carefully planned, 
taking into account the high performance and output drive capabilities of 
the parts. The following notes may be useful. 

1. Ensure that adequate decoupling capacitance is employed across the 
device Vcc and ground terminals. Multiple capacitors are recom- 
mended, including a 0.1 ju.F or larger capacitor and a 0.01 p,F or 
smaller capacitor placed as close to the device terminals as possible. 
Inadequate decoupling may result in large variations of power supply 
voltage, creating erroneous function or transient performance failures. 

2. Do not leave any inputs disconnected (floating) during any tests. 


3. Do not attempt to perform threshold tests under AC conditions. 

Large amplitude, fast ground current transients normally occur as the 
device outputs discharge the load capacitances. These transients flow- 
ing through the parasitic inductance between the device ground pin 
and the test system ground can create significant reductions in observ- 
able input noise immunity. 

4. Output levels are measured at 1.5V reference levels. 

5. Transition is measured at steady state HIGH level —500 mV or 
steady state LOW level + 500 mV on the output from the 1.5V level 
on inputs with load shown in Figure lb. 
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OUTPUT SOURCE CURRENT (mA) NORMALIZED CLOCK TO OUTPUT TIME NORMALIZED l C c 


CY7C225 



Typical DC and AC Characteristics 


NORMALIZED SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 





> 















Ta = 
f = M 

25°C 

1AX. 


5 1 I I i I 

4.0 4.5 5.0 5.5 6.0 


SUPPLY VOLTAGE (V) 


NORMALIZED SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 



CLOCK TO OUTPUT TIME 



4.0 4.5 5.0 5.5 6.0 

SUPPLY VOLTAGE (V) 



-55 25 125 


NORMALIZED SETUP TIME 



4.0 4.5 5,0 5.5 6.0 


NORMALIZED SETUP TIME 



AMBIENT TEMPERATURE (°C) 


SUPPLY VOLTAGE (V) 


AMBIENT TEMPERATURE (°C) 


OUTPUT SOURCE CURRENT 



OUTPUT VOLTAGE (V) 



OUTPUT SINK CURRENT 
vs. OUTPUT VOLTAGE 



CAPACITANCE (pF) 


OUTPUT VOLTAGE (V) 
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Device Programming 

Overview: 

There is a programmable function contained in the 7C225 
CMOS 512 x 8 Registered PROM; the 512 x 8 array. All of 
the programming elements are “EPROM” cells, and are in 
an erased state when the device is shipped. 


The 512 x 8 array uses a differential memory cell, with 
differential sensing techniques. In the erased state the cell 
contains neither a one nor a zero. The erased state of this 
array may be verified by using the “BLANK CHECK 
ONES” and “BLANK CHECK ZEROS” function, see 
Table 3. 


DC Programming Parameters T A = 25°C 

Table 1 


Parameter 

Description 

Min. 

Max. 

Units 

Vpptll 

Programming Voltage 

13.0 

14.0 

V 

Vccp 

Supply Voltage 

4.75 

5.25 

V 

Vihp 

Input High Voltage 

3.0 


V 

VlLP 

Input Low Voltage 


0.4 

V 

VoH^ 

Output High Voltage 

2.4 


V 

VoL^ 

Output Low Voltage 


0.4 

V 

Ipp 

Programming Supply Current 


50 

mA 


AC Programming Parameters T A = 25°c 

Table 2 


Parameter 

Description 

Min. 

Max. 

Units 

tpp 

Programming Pulse Width 

100 

10,000 

JU.S 

tAS 

Address Setup Time 

1.0 


jas 

tDS 

Data Setup Time 

1.0 


jas 

tAH 

Address Hold Time 

1.0 


JU.S 

tDH 

Data Hold Time 

1.0 


jaS 

tR, tpt3] 

Vpp Rise and Fall Time 

50 


ns 

tVD 

Delay to Verify 

1.0 


JUS 

tvp 

Verify Pulse Width 

2.0 


JllS 

tDV 

Verify Data Valid 


1.0 

jaS 

tDZ 

Verify HIGH to High Z 


1.0 

JU.S 


Votes: 

l. Vccp must be applied prior to Vpp. 3. Measured 10% and 90% points. 

!. During verify operation. 
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Pin Function M 



Read or Output Disable 

CP 

E S 

CLR 

E 

PS 



Other 

PGM 

VFY 

Vpp 

E 

PS 

(9-11,13-17) 


Pin 

(18) 

(19) 

(20) 

(21) 

(22) 


Readf 2 - 3 ! 

X 

VlL 


Vil 

Vih 

Data Out 

Output Disable 

X 

VlH 


X 

Vm 

High Z 

Output Disable 

X 

X 


VlH 

Vih 

High Z 

CLEAR 

X 

VlL 


Vil 

Vih 

Zeros 

PRESET 

X 

VlL 


Vil 

Vil 

Ones 

Program M 

VlLP 

VlHP 

Vpp 

VlHP 

VlHP 

Data In 

Program Verify M 

VlHP 

VlLP 

Vpp 

VlHP 

VlHP 

Data Out 

Program Inhibit W 

VlHP 

VlHP 


VlHP 

VlHP 

High Z 

Intelligent Program W 

VlLP 

VlHP 

Vpp 

VlHP 

VlHP 

Data In 

Blank Check OnesM 

Vpp 

VlLP 


VlLP 

VlHP 

Ones 

Blank Check Zeros M 

Vpp 

VlHP 


VlLP 

VlHP 

Zeros 


Notes: 


1. X = Don’t care but not to exceed Vpp. 

2. During read operation, the output latches are loaded on a “0” to “1” 
transition of CP. 

3. Pin 19 must be LOW prior to the “0” to “1” transition on CP (18) 
that loads the register. 



4. During programming and verification, all unspecified pins to be at 
V ILP- 

5. Pin 19 must be HIGH prior to the “0” to “1” transition on CP (18) 
that loads the register. 


The CY7C225 programming algorithm allows significantly 
faster programming than the “worst case” specification of 
10 msec. 

Typical programming time for a byte is less than 2.5 msec. 
The use of EPROM cells allows factory testing of pro- 
grammed cells, measurement of data retention and erasure 
to ensure reliable data retention and functional perform- 
ance. A flowchart of the algorithm is shown in Figure 4. 

The algorithm utilizes two differe nt puls e types: initial and 
overprogram. The duration of the PGM pulse (tpp) is 0. 1 
msec which will then be followed by a longer overprogram 
pulse of 24 (0.1) (X) msec. X is an iteration counter and is 
equal to the NUMBER of the initial 0. 1 msec pulses ap- 
plied before verification occurs. Up to four 0. 1 msec pulses 
are provided before the overprogram pulse is applied. 


Figure 3. Programming Pinouts The entire sequence of program pulses and byte verifica- 

tions is performed at Vccp = 5.0V. When all bytes have 
been programmed all bytes should be compared (Read 
mode) to original data with Vcc = 5.0V. 
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Figure 4. Programming Flowchart 
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Programming Sequence 512 x 8 Array 

Power the device for normal read mode operation with pin 
1 8, 19, 20 and 21 at Vih- Per Figure 5 take pin 20 to Vpp. 
The device is now in the program inhibit mode of operation 
with the output lines in a high impedance state; see Figure 
5. Again per Figure 5 address, program, and verify one 
byte of data. Repeat this for each location to be pro- 
grammed. 

If the brute force programming method is used, the pulse 
width of the program pulse should be 10 ms, and each 
location is programmed with a single pulse. Any location 
that fails to verify causes the device to be rejected. 

If the intelligent programming technique is used, the pro- 
gram pulse width should be 100 jus. Each location is ulti- 
mately programmed and verified until it verifies correctly 
up to and including 4 times. When the location verifies, one 


additional programming pulse should be applied of dura- 
tion 24X the sum of the previous programming pulses be- 
fore advancing to the next address to repeat the process. 

Blank Check 

A virgin device contains neither one’s nor zero’s because of 
the differential cell used for high speed. To verify that a 
PROM is unprogrammed, use the two blank check modes 
provided in Table 3. In both of these modes, address and 
read locations 0 thru 5 1 1 . A device is considered virgin if 
all locations are respectively “l’s” and “0’s” when ad- 
dressed in the “BLANK ONES AND ZEROS” modes. 

Because a virgin device contains neither ones nor zeros, it 
is necessary to program both one’s and zero’s. It is recom- 
mended that all locations be programmed to ensure that 
ambiguous states do not exist. 


PROGRAM 
OTHER BYTES 



Figure 5. PROM Programming Waveforms 
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Ordering Information 


Speed 

ns 

Ordering 

Code 

Package 

Type 

Operating 

Range 

tSA 

tco 

25 

12 

CY7C225-25PC 

P13 

Commercial 



CY7C225-25DC 

D14 




CY7C225-25LC 

L64 


30 

15 

CY7C225-30PC 

P13 

Commercial 



CY7C225-30DC 

D14 




CY7C225-30LC 

L64 




CY7C225-30DMB 

D14 

Military 



CY7C225-30LMB 

L64 


35 

20 

CY7C225-35DMB 

D14 

Military 



CY7C225-35LMB 

L64 


40 

25 

CY7C225-40PC 

P13 

Commercial 



CY7C225-40DC 

D14 




CY7C225-40LC 

L64 




CY7C225-40DMB 

D14 

Military 



C Y 7C225-40LMB 

L64 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 

Subgroups 

VOH 

1,2,3 

VOL 

1,2,3 

VlH 

1,2,3 

Vil 

1,2,3 

Iix 

1,2,3 

loz 

1,2,3 

Icc 

1,2,3 


Switching Characteristics 


Parameters 

Subgroups 

tSA 

7,8,9,10,11 

tHA 

7,8,9,10,11 

tco 

7,8,9,10,11 

tDP 

7,8,9,10,11 

tRP 

7,8,9,10,11 


Document # : 38-00002-B 
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Features 


• CMOS for optimum 
speed/power 

• High speed 

— 25 ns max set-up 

— 12 ns clock to output 

• Low power 

— 495 mW (commercial) 

— 660 mW (military) 

• Synchronous and asynchronous 
output enables 

• On-chip edge-triggered registers 

• Program mable asynchronous 
register (INIT) 

• EPROM technology, 100% 
programmable 

• Slim, 300 mil, 24 pin plastic or 
hermetic DIP or 28 pin LCC 


• 5V ± 10% V<x> commercial and 
military 

• TTL compatible I/O 

• Direct replacement for bipolar 
PROMs 

• Capable of withstanding greater 
than 1500V static discharge 

Product Characteristics 

The CY7C235 is a high performance 
1024 word by 8 bit electrically Pro- 
grammable Read Only Memory pack- 
aged in a slim 300 mil plastic or her- 
metic DIP or 28-pin Leadless Chip car- 
rier. The memory cells utilize proven 
EPROM floating gate technology and 
byte-wide intelligent programming al- 
gorithms. 

The CY7C235 replaces bipolar devices 
and offers the advantages of lower 


power, superior performance and high 
programming yield. The EPROM cell 
requires only 13.5V for the supervolt- 
age and low current requirements allow 
for gang programming. The EPROM 
cells allow for each memory location to 
be tested 100%, as each location is 
written into, erased, and repeatedly 
exercised prior to encapsulation. Each 
PROM is also tested for AC perform- 
ance to guarantee that after customer 
programming the product will meet 
AC specification limits. 

The CY7C235 has an asy nchronous 
initialize function (INIT). This func- 
tion acts as a 1025th 8-bit word loaded 
into the on-chip register. It is user pro- 
grammable with any desired word or 
may be used as a PRESET or CLEAR 
function on the outputs. 


Logic Block Diagram 



Pin Configurations 


A-,C 



□ Vcc 

*6C 

2 

23 

I] Ab 

a 5 C 

3 

22 

Da, 

Aid 

4 

21 

De 

A 3 C 

5 

20 

□ Wf 

a 2 C 

6 

19 

□ e s 

Aid 

7 

18 

□ CP 

Ao d 

8 

17 

□ o 7 

Ood 

9 

16 

□ o 6 

0,d 

10 

15 

□ o 5 

°2 d 

11 

14 

DOa 

GNDd 

12 

13 

□ o 3 

( 


< < < z > < < 



Selection Guide 



7C235-25 

7C235-30 

7C235-40 

Maximum Set-up Time (ns) 

25 

30 

40 

Maximum Clock to Output (ns) 

12 

15 

20 

Maximum Operating 

Current (mA) 

Commercial 

90 

90 

90 

Military 


120 

120 


3-15 

































CYPRESS 

SEMICONDUCTOR 


CY7C235 


Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature — 65° C to + 150°C 

Ambient Temperature with 

Power Applied — 55°Cto + 125°C 

Supply Voltage to Ground Potential 

(Pin 24 to Pin 12 for DIP) -0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State -0.5V to + 7.0V 

DC Input Voltage —3.0V to + 7.0V 

DC Program Voltage 

(Pins 7, 18, 20 for DIP) 14.0V 


Static Discharge Volume > 1500V 

(Per MIL-STD-883 Method 3015) 

Latch-up Current > 200 mA 

Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to +70°C 

5V ± 10% 

Military I 6 ! 

— 55°C to +125°C 

5V ± 10% 


Electrical Characteristics Over Operating Ranged 


Parameters 

Description 

Test Conditions 

Min. 

Max. 

Units 

VOH 

Output HIGH Voltage 

Vcc = Min., Ioh = —4.0 mA 

Vin = Vih or Vil 

2.4 


V 

VOL 

Output LOW Voltage 

Vcc = Min., Iol = 16 mA 

Vin = Vih or Vi L 


0.4 

a 

VlH 

Input HIGH Level 

Guaranteed Input Logical HIGH 

Voltage for All Inputs! 2 ! 

2.0 


V 

VlL 

Input LOW Level 

Guaranteed Input Logical LOW 

Voltage for All Inputs ! 2 ! 


0.8 

V 

Iix 

Input Leakage Current 

gnd <; Vin £ v C c 

-10 

+ 10 

fiA 

VCD 

Input Clamp Diode 

Voltage 

Note 1 




loz 

Output Leakage Current 

GND ^ Vo ^ Vcc Output Disabled! 4 ! 

-40 

+ 40 

IxA 

los 

Output Short Circuit 
Current 

Vcc = Max., Vqut = 0.0 VW 

-20 

-90 

mA 

Icc 

Power Supply Current 

GND £ Vin £ V C c 
Vcc = Max. 

Commercial 


90 

mA 

Military 


120 


Capacitance t 5 ] 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Qn 

Input Capacitance 

T a = 25°C, f = 1 MHz 

V CC = 5.0V 

5 

pF 

COUT 

Output Capacitance 

8 


Notes: 

1. The CMOS process does not provide a clamp diode. However, the 
CY7C235 is insensitive to — 3V dc input levels and — 5V undershoot 
pulses of less than 10 ns (measured at 50% point). 

2. These are absolute voltages with respect to device ground pin and 
include all overshoots due to system and/or tester noise. Do not at- 
tempt to test these values without suitable equipment (see Notes on 
Testing). 

3. For test purposes, not more than one output at a time should be 
shorted. Short circuit test duration should not exceed 30 seconds. 


4. For devices using the synchronous enable, the device must be clocked 
after applying these voltages to perform this measurement. 

5. Tested initially and after any design or process changes that may 
affect these parameters. 

6. Ta is the “instant on” case temperature. 

7. See the last page of this specification for Group A subgroup testing 
information. 
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Switching Characteristics Over Operating Ranged 8 ] 


Parameters 

Description 

tSA 

Address Setup to Clock HIGH 

tHA 

Address Hold from Clock HIGH 

tco 

Clock HIGH to Valid Output 

tpwc 

Clock Pulse Width 

tSE S 

Es Setup to Clock HIGH 

tHEs 

E S Hold from Clock HIGH 

tDI 

Delay from INIT to Valid Output 

tRI 

INIT Recovery to Clock HIGH 

tpwi 

INIT Pulse Width 

tcos 

Inactive to Valid Output from Clock HIGHlfl 

tHZC 

Inactive Output from Clock HIGH!*. 3 1 

tDOE 

Valid Output from E LOW! 2 ! 

tHZE 

Inactive Output from E HIGH! 2 . 3 1 


Min. Max. Min. Max. Min. Max. 




Functional Description 

The CY7C235 is a CMOS electrically Programmable Read 
Only Memory organized as 1024 word x 8 -bits and is a pin- 
for-pin replacement for bipolar TTL fusible link PROMs. 
The CY7C235 incorporates a D-type, master-slave register 
on chip, reducing the cost and size of pipelined micropro- 
grammed systems and applications where accessed PROM 
data is stored temporarily in a register. Additional flexibili- 
ty is provided with synchronous (Es) and asynchro nous 
(E) output enables and asynchronous initialization (INIT). 

Upon power-up, the synchronous enable (Es) flip-flop will 
be in the set condition causing the outputs (O 0 -O 7 ) to be 
in the OFF or high impedance state. Data is read by 


applying the memory location to the address input (Ao~ 
A 9 ) and a logic LOW to the enable (Es) input. The stored 
data is accessed and loaded into the master flip-flops of the 
data register during the address set-up time. At the next 
LOW-to-HIGH transition of the clock (CP), data is trans- 
ferred to the slave flip-flops, which drive the output buff- 
ers, and the accessed data will appear at_the outputs (Oo- 
O 7 ) provided the asynchronous enable (E) is also LOW. 

The outputs may be disabled at any time by switching the 
asynchronous enable (E) to a logic HIGH, and may be 
returned to the active state by switching the enable to a 
logic LOW. 
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Functional Description (Continued) 

Regardless of the condition of E, the outputs will go to the and the initialize function can be used to load any desired 

OFF or high impedance state upon the next positive clock combination of “l”s and “0”s into t he register. In the un- 
edge after the synchronous enable (Es) input is switched to programmed state, activating INIT will generate a register 

a HIGH level. If the synchronous enable pin is switched to CLEAR (all outputs LOW). If all the bi ts of the initialize 

a logic LOW, the subsequent positive^ clock edge will re- word are programmed, activating INIT performs a register 

turn the output to the active state if E is LOW. Following a PRESET (all outputs HIGH). 

positive clock edge, the address and synchronous enable Applying a LOW to the INIT input causes an immediate 

inputs are free to change since no change in the output will l oa d of the programmed initialize word into the master and 

occur until the next low to high transition of the clock. slave flip-flops of the register, independent of all other in- 

This unique feature allows the CY7C235 decoders and puts, including the clock (CP). The initialize data will ap- 

sense amplifiers to access the next location while previously pear at the device outputs after the outputs are enabled by 

addressed data remains stable on the outputs. bringing the asynchronous enable (E) LOW. 

System timing is simplified in that the on-chip edge trig- When power is applied the (internal) synchronous enable 

gered register allows the PROM clock to be derived direct- flip-flop will be in a state such that the outputs will be in 

ly from the system clock without introducing race condi- the high impedance state. In order to enable the outputs, a 

tions. The on-chip register timing requirements are similar clock must occur and the ES input pin must be LOW at 

to those of discrete registers available in the market. least a setupjime prior to the clock LOW to HIGH tran- 

The CY7C235 has an asynchronous initialize input (INIT). sition. The E input may then be used to enable the outputs. 

The initialize function is useful during power-up and time- When the asynchronous initialize input, INIT, is LOW, 

out sequences and can facilitate implementation of other the data in the initialize byte will be asynchronously loaded 

sophisticated functions such as a built-in “jump start” ad- into the output register. It will not, however, appear on the 

dress. When activated the initialize control input causes the output pins until they are enabled, as described in the pre- 
contents of a user programmed 1025th 8-bit word to be ceding paragraph, 

loaded into the on-chip register. Each bit is programmable 


Switching Waveforms 



Notes on Testing 

Incoming test procedures on these devices should be carefully planned, 
taking into account the high performance and output drive capabilities of 
the parts. The following notes may be useful. 

1 . Ensure that adequate decoupling capacitance is employed across the 
device Vcc and ground terminals. Multiple capacitors are recom- 
mended, including a 0.1 p,F or larger capacitor and a 0.01 p.F or 
smaller capacitor placed as close to the device terminals as possible. 
Inadequate decoupling may result in large variations of power supply 
voltage, creating erroneous function or transient performance failures. 

2. Do not leave any inputs disconnected (floating) during any tests. 


3. Do not attempt to perform threshold tests under AC conditions. 

Large amplitude, fast ground current transients normally occur as the 
device outputs discharge the load capacitances. These transients flow- 
ing through the parasitic inductance between the device ground pin 
and the test system ground can create significant reductions in observ- 
able input noise immunity. 

4. Output levels are measured at 1.5V reference levels. 

5. Transition is measured at steady state HIGH level — 500 mV or 
steady state LOW level + 500 mV on the output from the 1.5V level 
on inputs with load shown in Figure lb. 
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Typical DC and AC Characteristics 


NORMALIZED SUPPLY CURRENT NORMALIZED SUPPLY CURRENT NORMALIZED CLOCK TO OUTPUT 

vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE TIME vs. V C c 



SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE ( C) SUPPLY VOLTAGE (V) 


NORMALIZED CLOCK TO OUTPUT NORMALIZED SETUP TIME 

TIME vs. TEMPERATURE vs. SUPPLY VOLTAGE 



NORMALIZED SETUP TIME 
vs. TEMPERATURE 



AMBIENT TEMPERATURE (°C) 


SUPPLY VOLTAGE (V) 


AMBIENT TEMPERATURE (°C) 


OUTPUT SOURCE CURRENT TYPICAL ACCESS TIME CHANGE OUTPUT SINK CURRENT 

vs. OUTPUT VOLTAGE vs. OUTPUT LOADING vs. OUTPUT VOLTAGE 



OUTPUT VOLTAGE (V) CAPACITANCE (pF) OUTPUT VOLTAGE (V) 

0005-7 
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Device Programming 

Overview: 

There are two independent programmable functions con- 
tained in the 7C235 CMOS IK x 8 Registered PROM; the 
IK x 8 array, and the INITIAL BYTE. All of the pro- 
gramming elements are “EPROM” cells, and are in an 
erased state when the device is shipped. The erased state 
for the “INITIAL BYTE” is all “0’s” or “LOW”. The 
“INITIAL BYTE” may be accessed operationally through 


the use of the initialize function. The IK x 8 array uses a 
differential memory cell, with differential sensing tech- 
niques. In the erased state the cell contains neither a one 
nor a zero. The erased state of this array may be verified by 
using the “BLANK CHECK ONES” and “BLANK 
CHECK ZEROS” function, see Table 3. 


DC Programming Parameters Ta = 25°C 


Table 1 


Parameter 

Description 

Min. 

Max. 

Units 

Vpplll 

Programming Voltage 

13.0 

14.0 

V 

Vccp 

Supply Voltage 

4.75 

5.25 

V 

Vihp 

Input High Voltage 

3.0 


V 

VlLP 

Input Low Voltage 


0.4 

V 

v 0 h [2] 

Output High Voltage 

2.4 


V 

Vol^ 

Output Low Voltage 


0.4 

V 

Ipp 

Programming Supply Current 


50 

mA 


AC Programming Parameters Ta = 25°C 

Table 2 


Parameter 

Description 

Min. 

Max. 

Units 

tpp 

Programming Pulse Width 

100 

10,000 

JU.S 

tAS 

Address Setup Time 

1.0 


JU.S 

tDS 

Data Setup Time 

1.0 


juts 

tAH 

Address Hold Time 

1.0 


fXS 

tDH 

Data Hold Time 

1.0 


JUS 

tR.tF^ 

Vpp Rise and Fall Time 

1.0 


(IS 

tVD 

Delay to Verify 

1.0 


JU.S 

typ 

Verify Pulse Width 

2.0 


juts 

tDV 

Verify Data Valid 


1.0 

juts 

tDZ 

Verify HIGH to High Z 


1.0 

JU.S 


Notes: 

1. Vccp must be applied prior to Vpp. 

2. During verify operation. 

3. Measured 10% and 90% points. 


3-20 















































































CYP RESS 

SEMICONDUCTOR 


CY7C235 


Mode Selection 


Table 3 


- 

Pin Function 

Outputs 
(9-11, 13-17) 
DIP 

Mode 

Read or Output Disable 

A 2 

CP 

E S 

INIT 

E 

Ai 

Other 

A 2 

PGM 

VFY 

Vpp 

E 

Ai 

(DIP) Pin 

(6) 

(18) 

(19) 

(20) 

(21) 

(7) 

Read! 2 - 3 ] 

X 

X 

Vil 

Vih 

Vil 

X 

Data Out 

Output Disable 

X 

X 

VlH 

VlH 

X 

X 


Output Disable 

X 

X 

X 

VlH 

Vih 

X 

High Z 

Initialized 

X 

X 

X 

VlL 

Vil 

X 

1025th word 

Program I 1 - 4 ] 

X 

Vilp 

Vihp 

Vpp 

Vihp 

X 

Data In 

Program Verify l 1 >4] 

X 

Vihp 

Vilp 

Vpp 

Vihp 

X 

Data Out 

Program Inhibit! Ml 

X 

VlHP 

Vihp 

Vpp 

Vihp 

X 

High Z 

Intelligent Program f 1 - 4 ] 

X 

Vilp 

Vihp 

Vpp 

Vihp 

X 

Data In 

Program Initial ByteW 

Vilp 

Vilp 

Vihp 

Vpp 

Vihp 

Vpp 

Data In 

Blank Check Ones! Ml 

X 

Vpp 

Vilp 

Vilp 

Vilp 

X 

Ones 

Blank Check Zeros! 1 >4] 

X 

Vpp 

Vihp 

Vilp 

Vilp 

X 

Zeros 


4. During programming and verification, all unspecified pins to be at 
V ILP- 

5. Pin 19 must be HIGH prior to the “0” to “1” transition on CP (18) 
that loads the register. 

6. LOW to HIGH clock transition required to enable outputs. 

The CY7C235 programming algorithm allows significantly 
faster programming than the “worst case” specification of 
10 msec. 

Typical programming time for a byte is less than 2.5 msec. 
The use of EPROM cells allows factory testing of pro- 
grammed cells, measurement of data retention and erasure 
to ensure reliable data retention and functional perform- 
ance. A flowchart of the algorithm is shown in Figure 4. 

The algorithm utilizes two differe nt puls e types: initial and 
overprogram. The duration of the PGM pulse (tpp) is 0. 1 
msec which will then be followed by a longer overprogram 
pulse of 24 (0. 1) (X) msec. X is an iteration counter and is 
equal to the NUMBER of the initial 0. 1 msec pulses ap- 
plied before verification occurs. Up to four 0. 1 msec pulses 
are provided before the overprogram pulse is applied. 

The entire sequence of program pulses and byte verifica- 
tions is performed at Vccp = 5.0V. When all bytes have 
been programmed all bytes should be compared (Read 
mode) to original data with Vcc = 5.0V. 


Notes: 

1. X = Don’t care but not to exceed Vpp. 

2. During read operation, the output latches are loaded on a “0” to “1” 
transition of CP. 

3. Pin 19 must be LOW prior to the “0” to “1” transition on CP (18) 
that loads the register. 


AyC 


^77 

U Vcc 

A 6 fi 

2 

23 

D A a 

A5C 

3 

22 

D A9 

Aii C 

4 

21 

□ E 

A3 E 

5 

20 

□ VPP (INIT) 

A2C 

6 

19 

□ VFY <E S ) 

AlC 

7 

18 

□ PGM (CP) 

AoC 

8 

17 

JOy 

DoC 

9 

16 

JOe 

DC 

10 

15 

IDs 

D2C 

11 

14 

UD4 

VssC 

12 

13 

Dd 3 
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Figure 3. Programming Pinouts 
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Figure 4. Programming Flowchart 
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Programming Sequence IK x 8 Array 

Power the device for normal read mode operation with pin 
18, 19, 20 and 21 at Vjn- Per Figure 6 take pin 20 to Vpp. 
The device is now in the program inhibit mode of operation 
with the output lines in a high impedance state; see Figures 
5 and 6. Again per Figure 6 address program and verify 
one byte of data. Repeat this for each location to be pro- 
grammed. 

If the brute force programming method is used, the pulse 
width of the program pulse should be 10 ms, and each 


location is programmed with a single pulse. Any location 
that fails to verify causes the device to be rejected. 

If the intelligent programming technique is used, the pro- 
gram pulse width should be 100 /ns. Each location is ulti- 
mately programmed and verified until it verifies correctly 
up to and including 4 times. When the location verifies, one 
additional programming pulse should be applied of dura- 
tion 24X the sum of the previous programming pulses be- 
fore advancing to the next address to repeat the process. 


PROGRAM 
OTHER BYTES 




Figure 6. Initial Byte Programming Waveforms 



CY7C235 



Programming the Initial Byte 

The CY7C235 registered PROM has a 1025th byte of data 
used to initialize the value of the register. This initial byte 
is value “0” when the part is received. If the user desires to 
have a value other than “0” for register initialization, this 
must be programmed into the 1025th byte. This byte is 
programmed in a similar manner to the 1024 normal bytes 
in the array except for two considerations. First, since all of 
the normal addresses of the part are used up, a super volt- 
age will be used to create additional effective addresses. 

The actual address has Vpp on Ai pin 7, and Vilp on A 2 , 
pin 6, per Table 3. The programming and verification of 
“INITIAL BYTE” is accomplished operationally by per- 
forming an initialize function. 


Bit Map Data 


Programmer Address 

RAM Data 

Decimal 

Hex 

Contents 

0 

0 

Data 

• 

• 

• 

• 

• 

• 

• 

• 

• 

1023 

3FF 

Data 

1024 

400 

Init Byte 


Blank Check 

A virgin device contains neither one’s nor zero’s because of 
the differential cell used for high speed. To verify that a 
PROM is unprogrammed, use the two blank check modes 
provided in Table 3. In both of these modes, address and 
read locations 0 thru 1023. A device is considered virgin if 
all locations are respectively “l’s” and “0’s” when address- 
es in the “BLANK ONES AND ZEROS” modes. 

Because a virgin device contains neither ones nor zeros, it 
is necessary to program both one’s and zero’s. It is recom- 
mended that all locations be programmed to ensure that 
ambiguous states do not exist. 


Ordering Information 


Speed 

ns 

Ordering 

Code 

Package 

Type 

Operating 

Range 

tSA 

tco 

25 

12 

CY7C235-25PC 

P13 

Commercial 



CY7C235-25DC 

D14 


30 

15 

CY7C235-30PC 

P13 




CY7C235-30DC 

D14 




CY7C235-30JC 

J64 




CY7C235-30DMB 

D14 

Military 



CY7C235-30LMB 

L64 


40 

20 

CY7C235-40PC 

P13 

Commercial 



CY7C235-40DC 

D14 




CY7C235-40DMB 

D14 

Military 



CY7C235-40LMB 

L64 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 

Subgroups 

VOH 

1,2,3 

VOL 

1,2,3 

VlH 

1,2,3 

VlL 

1,2,3 

Iix 

1,2,3 

loz 

1,2,3 

Icc 

1,2,3 


Switching Characteristics 


Parameters 

Subgroups 

tSA 

7,8,9,10,11 

tHA 

7,8,9,10,11 

tco 

7,8,9,10,11 


Document #: 38-00003-B 
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' £F SEMICONDUCTOR Reprogrammable 2048 x 8 

Registered PROM 


Features 

• Windowed for reprogrammability 

• CMOS for optimum 
speed/power 

• High speed 

— 25 ns max set-up 

— 12 ns clock to output 

• Low power 

— 330 mW (commercial) for 
— 35 ns, —45 ns 

— 660 mW (military) 


• Programmable synchronous or 
asynchronous output enable 

• On-chip edge-triggered registers 

• Program mable asynchronous 
register (INIT) 

• EPROM technology, 100% 
programmable 

• Slim, 300 mil, 24 pin plastic or 
hermetic DIP 


• 5V + 10% Vcc> commercial and 
military 

• TTL compatible I/O 

• Direct replacement for bipolar 
PROMs 

• Capable of withstanding greater 
than 2000V static discharge 


Logic Block Diagram 


Pin Configurations 




in to sU o oo oi 

< < < z > < < 

A io 
INIT 
E/E s 

CP 
NC 
°7 
°6 

o o’ z z o’ o o’ 

o 

0016-13 



Selection Guide 




7C245-25 

7C245-35 

7C245-45 

Maximum Setup Time (ns) 


25 

35 

45 

Maximum Clock to Output (ns) 


12 

15 

25 

Maximum Operating 
Current (mA) 

STD 

Commercial 

90 

90 

90 

Military 


120 

120 

L 

Commercial 


60 

60 
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Product Characteristics 

The CY7C245 is a high performance 2048 word by 8 bit 
electrically Programmable Read Only Memory packaged 
in a slim 300 mil plastic or hermetic DIP. The ceramic 
package may be equipped with an erasure window; when 
exposed to UV light the PROM is erased and can then be 
reprogrammed. The memory cells utilize proven EPROM 
floating gate technology and byte-wide intelligent program- 
ming algorithms. 

The CY7C245 replaces bipolar devices and offers the ad- 
vantages of lower power, reprogrammability, superior per- 
formance and high programming yield. The EPROM cell 
requires only 13.5V for the supervoltage and low current 
requirements allow for gang programming. The EPROM 
cells allow for each memory location to be tested 100%, as 
each location is written into, erased, and repeatedly exer- 
cized prior to encapsulation. Each PROM is also tested for 
AC performance to guarantee that after customer pro- 
gramming the product will meet AC specification limits. 
The C Y7C245 has an asynchronous initialize function 
(INIT). This function acts as a 2049th 8-bit word loaded 
into the on-chip register. It is user programmable with any 
desired word or may be used as a PRESET or CLEAR 
function on the outputs. 

Electrical Characteristics Over Operating Ranged 


Maximum Ratings 

(Above which the useful life may be impaired. For user 


guidelines, not tested.) 

Storage Temperature — 65°C to + 150°C 

Ambient Temperature with 

Power Applied — 55°C to + 125°C 

Supply Voltage to Ground Potential 

(Pin 24 to Pin 12) - 0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State —0.5V to + 7.0V 

DC Input Voltage - 3.0V to + 7.0V 

DC Program Voltage (Pins 7, 18, 20) 13.0V 

UV Erasure 7258 Wsec/cm 2 

Static Discharge Voltage >200 IV 

(Per MIL-STD-883 Method 3015) 

Latchup Current > 200 mA 

Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to +70°C 

5V ± 10% 

Military [7] 

— 55°C to +125°C 

5V ± 10% 


Parameters 

Description 

Test Conditions 

7C245L-35, 45 

7C245-25 

7C245-35, 45 

Units 

Min. 

Max. 

^23 

2231 

Min. 

Max. 

VOH 

Output HIGH Voltage 

Vcc = Min., Ioh = “4.0 mA 

Vin = ViHOrViL 

2.4 


□ 


D 


V 

VOL 

Output LOW Voltage 

Vcc = Min., Iol = 16 mA 

Vin = ViHOrViL 


0.4 


0.4 


0.4 

V 

VlH 

Input HIGH Level 

Guaranteed Input Logical HIGH 
Voltage for All Inputs! U 

2.0 

Vcc 

2.0 

Vcc 

2.0 

Vcc 

V 

VlL 

Input LOW Level 

Guaranteed Input Logical LOW 

Voltage for All Inputs! 1 ! 


0.8 


0.8 


0.8 

V 

Iix 

Input Leakage Current 

GND ^ Vin < V C c 

-10 

+ 10 


+ 10 

-10 

+ 10 

juA 

VCD 

Input Clamp Diode 
Voltage 

Note 5 

Note 5 

loz 

Output Leakage Current 

GND <; Vo < Vcc 

Output Disabled!^! 

-40 

+ 40 

-40 

+ 40 

-40 

+ 40 

juA 

los 

Output Short Circuit 
Current 

Vcc = Max., Vqut = 0.0V!2] 

-20 

-90 

-20 

-90 

-20 

-90 

mA 

Icc 

Power Supply Current 

GND <s Vin ^ Vcc 
Vcc = Max. 

Commercial 


60 


90 


90 

mA 

Military 






120 


Capacitance ^ 


Parameters 

Description 

Test Conditions 

Max. 

Units 

ClN 

Input Capacitance 

T a = 25°C, f = 1 MHz 

V CC = 5.0V 

5 

pF 

CoUT 

Output Capacitance 

8 


Notes: 


1. These are absolute voltages with respect to device ground pin and 
include all overshoots due to system and/or tester noise. Do not at- 
tempt to test these values without suitable equipment (see Notes on 
Testing). 

2. For test purposes, not more than one output at a time should be 
shorted. Short circuit test duration should not exceed 30 seconds. 

3. For devices using the synchronous enable, the device must be clocked 
after applying these voltages to perform this measurement. 


4. Tested initially and after any design or process changes that may 
affect these parameters. 

5. The CMOS process does not provide a clamp diode. However, the 
CY7C245 is insensitive to — 3V dc input levels and — 5V undershoot 
pulses of less than 10 ns (measured at 50 % point). 

6. See the last page of this specification for Group A subgroup testing 
information. 

7. Ta is the “instant on” case temperature. 
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Switching Characteristics Over Operating Ranged 


Parameters 

Description 

tSA 

Address Setup to Clock HIGH 

tHA 

Address Hold from Clock HIGH 

tco 

Clock HIGH to Valid Output 

tpwc 

Clock Pulse Width 

tSE S 

Es Setup to Clock HIGH 

tHEs 

E S Hold from Clock HIGH 

tDI 

Delay from INIT to Valid Output 

tRI 

INIT Recovery to Clock HIGH 

tpwi 

INIT Pulse Width 

tcos 

Valid Output from 

Clock HIGHlH 

tHZC 

Inactive Output from Clock HIGHH- 3] 

tDOE 

Valid Output from E LOWW 

tHZE 

Inactive Output from 

E HIGH12, 3] 


7C245-45 



1. Applies only when the synchronous (Es) function is used. 

2. Applies only when the asynchronous (E) function is used. 

3. Transition is measured at steady state High level — 500 mV or steady 
state Low level + 500 mV on the output from the 1.5 V level on the 
input with loads shown in Figure lb. 

4. Tests are performed with rise and fall times of 5 ns or less. 

AC Test Loads and Waveforms I 5 > 6 > ^ 


± INCLUDING 
JIG AND J. 
“ SCOPE 


INCLUDING 
■^■JIG AND -4- 
- SCOPE 


Figure la 

Equivalent to: 


Figure lb 


THEVENIN EQUIVALENT 
10012 


5. See Figure la for all switching characteristics except tnz- 

6. See Figure lb for tnz- 

7. All device test loads should be located within 2" of device outputs. 

8. See the last page of this specification for Group A subgroup testing 
information. 


ALL INPUT PULSES 


/ 

"90% 

Jfio% 

<5 ns — 

41 ► 


Figure 2 


Functional Description 

The CY7C245 is a CMOS electrically Programmable Read 
Only Memory organized as 2048 words x 8-bits and is a 
pin-for-pin replacement for bipolar TTL fusible link 
PROMs. The CY7C245 incorporates a D-type, master- 
slave register on chip, reducing the cost and size of pipe- 
lined microprogrammed systems and applications where 
accessed PROM data is stored temporarily in a register. 
Additional flexibility is provided with a programmable 
synchronous (Es) or asynch ronous (E) output enable and 
asynchronous initialization (INIT). 

Upon power-up the state of the outputs will depend on the 
programmed state of the enable function (Es or E). If the 
synchronous enable (Es) has been programmed, the regis- 
ter will be in the set condition causing the outputs 


(O0-O7) to be in the OFF or high impedance state. If the 
asynchronous enable (E) is being used, the outputs will 
come up_in the OFF or high impedance state only if the 
enable (E) input is at a HIGH logic level. Data is read by 
applying the memory location to the address inputs 
(A0-A10) and a logic LOW to the enable input. The stored 
data is accessed and loaded into the master flip-flops of the 
data register during the address set-up time. At the next 
LOW-to-HIGH transition of the clock (CP), data is trans- 
ferred to the slave flip-flops, which drive the output buff- 
ers, and the accessed data will appear at the outputs 
(O0-O7). 

If the asynchronous enable (E) is being used, the outputs 
may be disabled at any time by switching the enable to a 
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Functional Description (Continued) 

logic HIGH, and may be returned to the active state by 
switching the enable to a logic LOW. 

If the synchronous enable (Es) is being used, the outputs 
will go to the OFF or high impedance state upon the next 
positive clock edge after the synchronous enable input is 
switched to a HIGH level. If the synchronous enable pin is 
switched to a logic LOW, the subsequent positive clock 
edge will return the output to the active state. Following a 
positive clock edge, the address and synchronous enable 
inputs are free to change since no change in the output will 
occur until the next low to high transition of the clock. 

This unique feature allows the CY7C245 decoders and 
sense amplifiers to access the next location while previously 
addressed data remains stable on the outputs. 

System timing is simplified in that the on-chip edge trig- 
gered register allows the PROM clock to be derived direct- 
ly from the system clock without introducing race condi- 
tions. The on-chip register timing requirements are similar 
to those of discrete registers available in the market. 


The CY7C245 has an asynchronous initialize input (INIT). 
The initialize function is useful during power-up and time- 
out sequences and can facilitate implementation of other 
sophisticated functions such as a built-in “jump start” ad- 
dress. When activated the initialize control input causes the 
contents of a user programmed 2049th 8-bit word to be 
loaded into the on-chip register. Each bit is programmable 
and the initialize function can be used to load any desired 
combination of “l”s and “0”s into the register. In the un- 
programmed state, activating INIT will generate a register 
CLEAR (all outputs LOW). If all the bi ts of the initialize 
word are programmed, activating INIT performs a register 
PRESET (all outputs HIGH). 

Applying a LOW to the INIT input causes an immediate 
load of the programmed initialize word into the master and 
slave flip-flops of the register, independent of all other in- 
puts, including the clock (CP). The initialize data will ap- 
pear at the device outputs after the outputs are enabled by 
bringing the asynchronous enable (E) LOW. 


Switching Waveforms 



Notes on Testing 

Incoming test procedures on these devices should be carefully planned, 
taking into account the high performance and output drive capabilities of 
the parts. The following notes may be useful. 

1. Ensure that adequate decoupling capacitance is employed across the 
device Vcc and ground terminals. Multiple capacitors are recom- 
mended, including a 0.1 p.F or larger capacitor and a 0.01 jaF or 
smaller capacitor placed as close to the device terminals as possible. 
Inadequate decoupling may result in large variations of power supply 
voltage, creating erroneous function or transient performance failures. 

2. Do not leave any inputs disconnected (floating) during any tests. 


3. Do not attempt to perform threshold tests under AC conditions. 

Large amplitude, fast ground current transients normally occur as the 
device outputs discharge the load capacitances. These transients flow- 
ing through the parasitic inductance between the device ground pin 
and the test system ground can create significant reductions in observ- 
able input noise immunity. 

4. Output levels are measured at 1.5 V reference levels. 

5. Transition is measured at steady state HIGH level — 500 mV or 
steady state LOW level + 500 mV on the output from the 1.5V level 
on inputs with load shown in Figure lb. 
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Typical DC and AC Characteristics 


NORMALIZED SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 









7 



7 








Ta = 

f = l\l 

25°C 

1AX. 


4.0 4.5 5.0 5.5 6.0 


NORMALIZED SUPPLY CURRENT 



-55 25 125 


CLOCK TO OUTPUT TIME 



4.0 4.5 5.0 5.5 6.0 


SUPPLY VOLTAGE (V) 


AMBIENT TEMPERATURE C'C) 


SUPPLY VOLTAGE (V) 


CLOCK TO OUTPUT TIME 



-55 25 125 


NORMALIZED SETUP TIME 
vs. SUPPLY VOLTAGE 



4.0 4.5 5.0 5.5 6.0 


AMBIENT TEMPERATURE f C) 


SUPPLY VOLTAGE (V) 


NORMALIZED SETUP TIME 
vs. TEMPERATURE 



OUTPUT SOURCE CURRENT 
vs. VOLTAGE 



OUTPUT VOLTAGE (V) 



OUTPUT SINK CURRENT 



0.0 1.0 2.0 3.0 4.0 

OUTPUT VOLTAGE (V) 

0016-7 
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Erasure Characteristics 

Wavelengths of light less than 4000 Angstroms begin to 
:rase the 7C245. For this reason, an opaque label should be 
Maced over the window if the PROM is exposed to sun- 
ight or fluorescent lighting for extended periods of time. 

The recommended dose for erasure is ultraviolet light with 
i wavelength of 2537 Angstroms for a minimum dose (UV 
ntensity X exposure time) of 25 Wsec/cm 2 . For an ultra- 
violet lamp with a 12 mW/cm 2 power rating the exposure 
;ime would be approximately 30-35 minutes. The 7C245 
reeds to be within 1 inch of the lamp during erasure. Per- 
nanent damage may result if the PROM is exposed to high 
ntensity UV light for an extended period of time. 7258 
Wsec/cm 2 is the recommended maximum dosage. 


Device Programming 

OVERVIEW: 

There are three independent programmable functions con- 
tained in the 7C245 CMOS 2K x 8 Registered PROM; the 
2K x 8 array, the initial byte, and the synchronous enable 
bit. All of the programming elements are “EPROM” cells, 
and are in an erased state when the device is shipped. This 
erased state manifests itself differently in each case. The 
erased state for ENABLE bit is the “ASYNCHRONOUS 
ENABLE” mode. The erased state for the “INITIAL 
BYTE” is all “0’s” or “LOW”. The “INITIAL BYTE” 
may be accessed operationally thru the use of the initialize 
function. The 2K x 8 array uses a differential memory cell, 
with differential sensing techniques. In the erased state the 
cell contains neither a one nor a zero. The erased state of 
this array may be verified by using the “BLANK CHECK 
ONES” and “BLANK CHECK ZEROS” function, see 
Table 3. 


DC Programming Parameters T A = 25°C 


Table 1 


Parameter 

Description 

Min. 

Max. 

Units 

Vppll] 

Programming Voltage 

12.0 

13.0 

V 

Vccp 

Supply Voltage 

4.75 

5.25 

V 

Vihp 

Input High Voltage 

3.0 


V 

Vilp 

Input Low Voltage 


0.4 

V 

Voh^ 

Output High Voltage 

2.4 


V 

Vol^ 

Output Low Voltage 


0.4 

V 

Ipp 

Programming Supply Current 


50 

mA 


AC Programming Parameters T a = 25°C 

Table 2 


Parameter 

Description 

Min. 

Max. 

Units 

tpp 

Programming Pulse Width 

100 

10,000 

JLtS 

tAS 

Address Setup Time 

1.0 


JUS 

Ids 

Data Setup Time 

1.0 


jits 

tAH 

Address Hold Time 

1.0 


JLtS 

tDH 

Data Hold Time 

1.0 


JLtS 

tR, tp[3] 

Vpp Rise and Fall Time 

1.0 


JUS 

tVD 

Delay to Verify 

1.0 


JUS 

tvp 

Verify Pulse Width 

2.0 


JUS 

tDV 

Verify Data Valid 


1.0 

jas 

tDZ 

Verify HIGH to High Z 


1.0 

JLtS 


Votes: 

i. Vccp must be applied prior to Vpp. 
!. During verify operation. 

1. Measured 10% and 90% points. 
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Mode Selection 


Table 3 

Pin Function 


Mode 

Read or Output Disable 

A 2 

CP 

E/E S 

INIT 


Other 

A 2 

PGM 

VFY 

Vpp 


Pin 

(6) 

(18) 

(19) 

20 

Read! 2 - 3 ! 

X 

X 

VlL 

VlH 

Output Disable I 5 ! 

X 

X 

VlH 


Program! 1 >4] 

X 

Vilp 

VlHP 

Vpp 

Program Verify! 1 * 4 ! 

X 

Vihp 

Vilp 

Vpp 

Program Inhibit! L 4 ! 

X 

VlHP 

Vihp 

Vpp 

Intelligent Program I 1 * 4 ! 

X 

Vilp 

Vihp 

Vpp 

Program Synch Enable! 4 ! 

VlHP 

Vilp 

Vihp 

Vpp 

Program Initial Byte! 4 ! 

Vilp 

Vilp 

Vihp 

Vpp 

Blank Check Ones! 1 * 4 ! 

X 

Vpp 

Vilp 


Blank Check Zeros I 1 * 4 ! 

X 

Vpp 

Vihp 




Outputs 
(9-11, 13-17) 

Ai 

Ai 

(7) 


X 

Data Out 

X 

High Z 

X 

Data In 

X 

Data Out 

X 

High Z 

X 

Data In 

Vpp 

High Z 

Vpp 

Data In 

X 

Ones 

X 

Zeros 


Notes: 

1. X = Don’t care but not to exceed Vpp. 

2. During read operation, the output latches are loaded on a “0” to “1” 
transition of CP. 

3. If the registered device is being operated in a synchronous mode, pin 
19 must be LOW prior to the “0” to “1” transition on CP (18) that 
loads the register. 


4. During programming and verification, all unspecified pins to be at 
Vilp- 

5. If the registered device is being operated in a synchronous mode, pin 
19 must be HIGH prior to the “0” to “1” transition on CP (18) that 
loads the register. 



Figure 3. Programming Pinouts 
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The CY7C245 programming algorithm allows significantly 
faster programming than the “worst case” specification of 
10 msec. 

Typical programming time for a byte is less than 2.5 msec. 
The use of EPROM cells allows factory testing of pro- 
grammed cells, measurement of data retention and erasure 
to ensure reliable data retention and functional perform- 
ance. A flowchart of the algorithm is shown in Figure 4. 

The algorithm utilizes two differe nt puls e types: initial and 
overprogram. The duration of the PGM pulse (tpp) is 0. 1 
msec which will then be followed by a longer overprogram 
pulse of 24 (0. 1) (X) msec. X is an iteration counter and is 
equal to the NUMBER of the initial 0. 1 msec pulses ap- 
plied before verification occurs. Up to four 0. 1 msec pulses 
are provided before the overprogram pulse is applied. 

The entire sequence of program pulses and byte verifica- 
tions is performed at Vccp = 5.0V. When all bytes have 
been programmed all bytes should be compared (Read 
mode) to original data with Vcc = 5.0V. 


Bit Map Data 


Programmer 

Address 

RAM Data 

Decimal 

Hex 

Contents 

0 

0 

DATA 

• 

• 

• 

• 

• 

• 

• 

• 

• 

2047 

7FF 

DATA 

2048 

800 

INIT BYTE 

2049 

801 

CONTROL BYTE 

Control Byte 


00 Asynchronous output enable (default state) 

01 Synchronous output enable 
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Figure 4. Programming Flowchart 
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Programming Sequence 2K x 8 Array 

Power the device for normal read mode operation with pin 
18, 19 and 20 at Vih- Per Figure 5 take pin 20 to Vpp. The 
device is now in the program inhibit mode of operation 
with the output lines in a high impedance state; see Figures 
5 and 6. Again per Figure 5 address program and verify 
one byte of data. Repeat this for each location to be pro- 
grammed. 

If the brute force programming method is used, the pulse 
width of the program pulse should be 10 ms, and each 


location is programmed with a single pulse. Any location 
that fails to verify causes the device to be rejected. 

If the intelligent programming technique is used, the pro- 
gram pulse width should be 100 jus. Each location is ulti- 
mately programmed and verified until it verifies correctly 
up to and including 4 times. When the location verifies, one 
additional programming pulse should be applied of dura- 
tion 24X the sum of the previous programming pulses be- 
fore advancing to the next address to repeat the process. 



Figure 5. PROM Programming Waveforms 
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Programming the Initialization Byte 

The CY7C245 registered PROM has a 2049th byte of data 
used to initialize the value of the register. This initial byte 
is value “0” when the part is received. If the user desires to 
have a value other than “0” for register initialization, this 
must be programmed into the 2049th byte. This byte is 
programmed in a similar manner to the 2048 normal bytes 
in the array except for two considerations. First, since all of 
the normal addresses of the part are used up, a super volt- 
age will be used to create additional effective addresses. 

The actual address has Vpp on Ai pin 7, and Vilp on A 2 , 
pin 6, per Table 3. The programming and verification of 
“INITIAL BYTE” is accomplished operationally by per- 
forming an initialize function. 


Programming Synchronous Enable 

The CY7C245 provides for both a synchronous and asyn- 
chronous enable function. The device is delivered in an 
asynchronous mode of operation and only requires that the 
user alter the device if synchronous operation is required. 
The determination of the option is accomplished thru the 
use of an EPROM cell which is programmed only if syn- 
chronous operation is required. As with the INITIAL byte, 
this function is addressed thru the use of a supervoltage. 

Per Table 3, Vpp is applied to pin 7 (Ai) with pin 6 (A 2 ) at 
Vihp- This addresses the cell that programs synchronous 
enable. Programming the cell is accomplished with a 10 ms 
program pulse on pin 1 8 (PGM) but does not require any 
data as there is no choice as to how synchronous enable 
may be programmed, only if it is to be programmed. 



Figure 7. Program Synchronous Enable 
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Verification of Synchronous Enable 

Verification of the synchronous enable function is accom- 
plished operationally. Power the device for read operation 
with pin 20 at Vih, cause clock pin 18 to transition from 
Vil to Vih- The o utput should be in a High Z state. Take 
pin 20, ENABLE, to Vil- The outputs should remain in a 
high Z state. Transition the clock from Vil to Vih, the 
outputs should now contain the data that is present. Again 
set pin 19 to Vih- The output should remain driven. Clock- 
ing pin 18 once more from Vil to Vih should place the 
outputs again in a High Z state. 


Blank Check 

A virgin device contains neither one’s nor zero’s because of 
the differential cell used for high speed. To verify that a 
PROM is unprogrammed, use the two blank check modes 
provided in Table 3. In both of these modes, address and 
read locations 0 thru 2047. A device is considered virgin if 
all locations are respectively “l’s” and “0’s” when ad- 
dressed in the “BLANK ONES AND ZEROS” modes. 

Because a virgin device contains neither ones nor zeros, it 
is necessary to program both one’s and zero’s. It is recom- 
mended that all locations be programmed to ensure that 
ambiguous states do not exist. 
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Ordering Information 


Speed (ns) 

Icc 

mA 

Ordering 

Code 

Package 

Type 

Operating 

Range 

tSA 

tco 

25 

12 

90 

CY7C245-25PC 

P13 

Commercial 

CY7C245-25WC 

W14 

35 

15 

60 

CY7C245L-35PC 

P13 

Commercial 

CY7C245L-35WC 

W14 

90 

CY7C245-35PC 

P13 

CY7C245-35SC 

S13 

CY7C245-35WC 

W14 

CY7C245-35LC 

L64 



120 

CY7C245-35DMB 

D14 

Military 




CY7C245-35QMB 

Q64 





CY7C245-35WMB 

W14 





CY7C245-35LMB 

L64 



Speed (ns) 

Icc 

mA 

Ordering 

Code 

Package 

Type 

Operating 

Range 

tSA 


45 

25 

60 

CY7C245L-45PC 

P13 

Commercial 

CY7C245L-45WC 

W14 

90 

CY7C245-45PC 

P13 

CY7C245-45SC 

S13 

CY7C245-45WC 

W14 

CY7C245-45LC 

L64 



120 

CY7C245-45WMB 

W14 

Military 




CY7C245-45LMB 

L64 





CY7C245-45DMB 

D14 





CY7C245-45QMB 

Q64 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 

Subgroups 

VOH 

1,2,3 

VOL 

1,2,3 

VlH 

1,2,3 

Vil 

1,2,3 

Iix 

1,2,3 

loz 

1,2,3 

Icc 

1,2,3 



Switching Characteristics 


Parameters 

Subgroups 

tSA 

7,8,9,10,11 

tHA 

7,8,9,10,11 

too 

7,8,9,10,11 


Document # : 38-00004-D 
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Features 

• Windowed for reprogrammability 

• CMOS for optimum 
speed/power 

• High speed 

— 15 ns max set-up 

— 10 ns clock to output 

• Low power 

— 330 mW (commercial) for 
— 35 ns 

— 660 mW (military) 


Reprogrammable 2048 x 8 
Registered PROM 


Programmable synchronous or 
asynchronous output enable 

On-chip edge-triggered registers 

Program mable asynchronous 
register (INIT) 

EPROM technology, 100% 
programmable 

Slim, 300 mil, 24 pin plastic or 
hermetic DIP 


5V ± 10% Vcc> commercial and 
military 

TTL compatible I/O 

Direct replacement for bipolar 
PROMs 

Capable of withstanding greater 
than 2000V static discharge 



Selection Guide 


Maximum Setup Time (ns) 


Maximum Clock to Output (ns) 

Maximum Operating 
Current (mA) 

STD 


L 


7C245A-15 

15 

10 

Commercial 120 

Military 

Commercial 


7C245A-18 

7C245A-25 

18 

25 

12 

12 

120 

90 

120 

120 
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Product Characteristics 

The CY7C245A is a high performance 2048 word by 8 bit 
electrically Programmable Read Only Memory packaged 
in a slim 300 mil plastic or hermetic DIP. The ceramic 
package may be equipped with an erasure window; when 
exposed to UV light the PROM is erased and can then be 
reprogrammed. The memory cells utilize proven EPROM 
floating gate technology and byte-wide intelligent program- 
ming algorithms. 

The CY7C245A replaces bipolar devices and offers the ad- 
vantages of lower power, reprogrammability, superior per- 
formance and high programming yield. The EPROM cell 
requires only 12.5V for the supervoltage and low current 
requirements allow for gang programming. The EPROM 
cells allow for each memory location to be tested 100%, as 
each location is written into, erased, and repeatedly exer- 
cized prior to encapsulation. Each PROM is also tested for 
AC performance to guarantee that after customer pro- 
gramming the product will meet AC specification limits. 

The C Y7C245A has an asynchronous initialize function 
(INIT). This function acts as a 2049th 8-bit word loaded 
into the on-chip register. It is user programmable with any 
desired word or may be used as a PRESET or CLEAR 
function on the outputs. 


Maximum Ratings 

(Above which the useful life may be impaired. For user 


guidelines, not tested.) 

Storage Temperature — 65°C to + 150°C 

Ambient Temperature with 

Power Applied — 55°C to + 125°C 

Supply Voltage to Ground Potential 

(Pin 24 to Pin 12) -0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State -0.5V to + 7.0V 

DC Input Voltage —3.0V to + 7.0V 

DC Program Voltage (Pins 7, 18, 20) 13.0V 

UV Erasure 7258 Wsec/cm2 

Static Discharge Voltage > 2001V 

(Per MIL-STD-883 Method 3015) 

Latchup Current > 200 mA 

Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70°C 

5V ± 10% 

Military W 

— 55°C to + 125°C 

5V ± 10% 


Electrical Characteristics Over Operating Ranged 


Parameters 

Description 

Test Conditions 

7C245A-15, 18 

7C245A-25, 35 

7C245AL-35 

Units 

Min, 

Max. 

Min. 

Max. 

Min. 

Max. 

VOH 

Output HIGH Voltage 

Vcc = Min., Ioh ~ —4.0 mA 

Yin = Vih or Vil 

2.4 




D 


V 

VOL 

Output LOW Voltage 

Vcc = Min., Iol = 16 mA 

Vin = Vih or V IL 


0.4 


0.4 


0.4 

V 

VlH 

Input HIGH Level 

Guaranteed Input Logical HIGH 
Voltage for All Inputs! 1 ] 

2.0 

Vcc 

2.0 

Vcc 

2.0 

Vcc 

V 

VlL 

Input LOW Level 

Guaranteed Input Logical LOW 
Voltage for All Inputs 11 ! 


0.8 


0.8 


0.8 

V 

Iix 

Input Leakage Current 

GND <: Vin < V C c 

-10 

+ 10 

-10 

+ 10 

-10 

+ 10 


VCD 

Input Clamp Diode 
Voltage 

Note 5 

Note 5 

Ioz 

Output Leakage Current 

GND <,V 0 < Vcc 

Output Disabled 1 ^ 1 

-40 

+ 40 

-40 

+ 40 

-40 

+ 40 

ju-A 

los 

Output Short Circuit 
Current 

Vcc = Max., Vqut = O.OVUl 

-20 

-90 

-20 

-90 

-20 

-90 

mA 

icc 

Power Supply Current 

GND ^ Vin £ V C c 
Vcc = Max. 

Commercial 


120 


90 


60 

mA 

Military 


120 


120 




Capacitance ^ 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Cin 

Input Capacitance 

T a = 25°C, f = 1 MHz 

5 

pF 

CqUT 

Output Capacitance 

Vcc = 5.0V 

8 


Notes: 

l. These are absolute voltages with respect to device ground pin and 
include all overshoots due to system and/or tester noise. Do not at- 
tempt to test these values without suitable equipment (see Notes on 
Testing). 

!. For test purposes, not more than one output at a time should be 
shorted. Short circuit test duration should not exceed 30 seconds. 

1. For devices using the synchronous enable, the device must be clocked 
after applying these voltages to perform this measurement. 


4. Ta is the “instant on” case temperature. 

5. The CMOS process does not provide a clamp diode. However, the 
CY7C245 A is insensitive to — 3 V dc input levels and — 5 V under- 
shoot pulses of less than 10 ns (measured at 50% point). 

6 . Tested initially and after any design or process changes that may 
affect these parameters. 

7. See the last page of this specification for Group A subgroup testing 
information. 
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Switching Characteristics Over Operating Ranged 


7C245A-15 


Min. Max 


15 


Parameters 

Description 

tSA 

Address Setup to Clock HIGH 

tHA 

Address Hold from Clock HIGH 

tco 

Clock HIGH to Valid Output 

tpwc 

Clock Pulse Width 

tSE S 

Es Setup to Clock HIGH 

tHE S 

E S Hold from Clock HIGH 

tDI 

Delay from INIT to Valid Output 

tRI 

INTT Recovery to Clock HIGH 

tpwi 

INIT Pulse Width 

tcos 

Valid Output from 

Clock HIGHlU 

tHZC 

Inactive Output from Clock HIGH lb 3] 

tDOE 

Valid Output from E LOWM 

tHZE 

Inactive Output from 

E HIGH12, 3] 


Notes: 

1. Applies only when the synchronous (Es) function is used. 

2. Applies only when the asynchronous (E) function is used. 

3. Transition is measured at steady state High level — 500 mV or steady 
state Low level + 500 mV on the output from the 1.5 V level on the 
input with loads shown in Figure lb. 


AC Test Loads and Waveforms 5 > 


± INCLUDING 
JIG AND -l 
~ SCOPE 


INCLUDING 
■X. JIG AND -±r 
- SCOPE 


Figure la 

Equivalent to: 


Figure lb 


Min. Max. Min. Max. Min. Max. 



Tests are performed with rise and fall times of 5 ns or less. 

See Figure la for all switching characteristics except tnz- 
See Figure lb for tnz- 

All device test loads should be located within 2" of device outputs. 
See the last page of this specification for Group A subgroup testing 
information. 


ALL INPUT PULSES 



Figure 2 


THEVENIN EQUIVALENT 
ioo n 


Functional Description 

The CY7C245A is a CMOS electrically Programmable 
Read Only Memory organized as 2048 words x 8 -bits and 
is a pin-for-pin replacement for bipolar TTL fusible link 
PROMs. The CY7C245A incorporates a D-type, master- 
slave register on chip, reducing the cost and size of pipe- 
lined microprogrammed systems and applications where 
accessed PROM data is stored temporarily in a register. 
Additional flexibility is provided with a programmable 
synchronous (Es) or asynch ronous (E) output enable and 
asynchronous initialization (INIT). 

Upon power-up the state of the outputs will depend on the 
programmed state of the enable function (Es or E). If the 
synchronous enable (Es) has been programmed, the regis- 
ter will be in the set condition causing the outputs 


(O 0 -O 7 ) to be in the OFF or high impedance state. If the 
asynchronous enable (E) is being used, the outputs will 
come upjn the OFF or high impedance state only if the 
enable (E) input is at a HIGH logic level. Data is read by 
applying the memory location to the address inputs 
(A 0 -A 10 ) and a logic LOW to the enable input. The stored 
data is accessed and loaded into the master flip-flops of the 
data register during the address set-up time. At the next 
LOW-to-HIGH transition of the clock (CP), data is trans- 
ferred to the slave flip-flops, which drive the output buff- 
ers, and the accessed data will appear at the outputs 
(O 0 -O 7 ). 

If the asynchronous enable (E) is being used, the outputs 
may be disabled at any time by switching the enable to a 
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Functional Description (Continued) 

logic HIGH, and may be returned to the active state by 
switching the enable to a logic LOW. 

If the synchronous enable (Es) is being used, the outputs 
will go to the OFF or high impedance state upon the next 
positive clock edge after the synchronous enable input is 
switched to a HIGH level. If the synchronous enable pin is 
switched to a logic LOW, the subsequent positive clock 
edge will return the output to the active state. Following a 
positive clock edge, the address and synchronous enable 
inputs are free to change since no change in the output will 
occur until the next low to high transition of the clock. 

This unique feature allows the CY7C245A decoders and 
sense amplifiers to access the next location while previously 
addressed data remains stable on the outputs. 

System timing is simplified in that the on-chip edge trig- 
gered register allows the PROM clock to be derived direct- 
ly from the system clock without introducing race condi- 
tions. The on-chip register timing requirements are similar 
to those of discrete registers available in the market. 


The C Y7C245A has an asynchronous initialize input 
(INIT). The initialize function is useful during power-up 
and time-out sequences and can facilitate implementation 
of other sophisticated functions such as a built-in “jump 
start” address. When activated the initialize control input 
causes the contents of a user programmed 2049th 8-bit 
word to be loaded into the on-chip register. Each bit is 
programmable and the initialize function can be used to 
load any desired combination of “l”s and “0”s into th e 
register. In the unprogrammed state, activating INIT will 
generate a register CLEAR (all outputs LOW). If all the 
bits of the initialize word are programmed, activating INIT 
performs a register PRESET (all outputs HIGH). 

Applying a LOW to the INIT input causes an immediate 
load of the programmed initialize word into the master and 
slave flip-flops of the register, independent of all other in- 
puts, including the clock (CP). The initialize data will ap- 
pear at the device outputs after the outputs are enabled by 
bringing the asynchronous enable (E) LOW. 


Switching Waveforms 



Incoming test procedures on these devices should be carefully planned, 
taking into account the high performance and output drive capabilities of 
the parts. The following notes may be useful. 

1. Ensure that adequate decoupling capacitance is employed across the 
device Vcc and ground terminals. Multiple capacitors are recom- 
mended, including a 0.1 ju,F or larger capacitor and a 0.01 /xF or 
smaller capacitor placed as close to the device terminals as possible. 
Inadequate decoupling may result in large variations of power supply 
voltage, creating erroneous function or transient performance failures. 

2. Do not leave any inputs disconnected (floating) during any tests. 


3. Do not attempt to perform threshold tests under AC conditions. 

Large amplitude, fast ground current transients normally occur as the 
device outputs discharge the load capacitances. These transients flow- 
ing through the parasitic inductance between the device ground pin 
and the test system ground can create significant reductions in observ- 
able input noise immunity. 

4. Output levels are measured at 1.5V reference levels. 

5. Transition is measured at steady state HIGH level — 500 mV or 
steady state LOW level + 500 mV on the output from the 1.5V level 
on inputs with load shown in Figure lb. 


OUTPUT SOURCE CURRENT (mA) NORMALIZED CLOCK TO OUTPUT TIME NORMALIZED l C c 



CY7C245A 


Typical DC and AC Characteristics 


NORMALIZED SUPPLY CURRENT NORMALIZED SUPPLY CURRENT CLOCK TO OUTPUT TIME 

vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE vs. Vcc 



SUPPLY VOLTAGE (V) AMBI ENT TEMPERATURE C'C) SUPPLY VOLTAGE (V) 


CLOCK TO OUTPUT TIME NORMALIZED SETUP TIME NORMALIZED SETUP TIME 

vs. TEMPERATURE vs. SUPPLY VOLTAGE vs. TEMPERATURE 



AMBIENT TEMPERATURE (°C) SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) 


OUTPUT SOURCE CURRENT TYPICAL ACCESS TIME CHANGE OUTPUT SINK CURRENT 

vs. VOLTAGE vs. OUTPUT LOADING vs. OUTPUT VOLTAGE 



OUTPUT VOLTAGE (V) CAPACITANCE (pF) OUTPUT VOLTAGE (V) 

0121-9 
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Erasure Characteristics 

Wavelengths of light less than 4000 Angstroms begin to 
erase the 7C245A. For this reason, an opaque label should 
be placed over the window if the PROM is exposed to 
sunlight or fluorescent lighting for extended periods of 
time. 

The recommended dose for erasure is ultraviolet light with 
a wavelength of 2537 Angstroms for a minimum dose (UV 
intensity X exposure time) of 25 Wsec/cm 2 . For an ultra- 
violet lamp with a 12 mW/cm 2 power rating the exposure 
time would be approximately 30-35 minutes. The 7C245A 
needs to be within 1 inch of the lamp during erasure. Per- 
manent damage may result if the PROM is exposed to high 
intensity UV light for an extended period of time. 7258 
Wsec/cm 2 is the recommended maximum dosage. 


Device Programming 

OVERVIEW: 

There are three independent programmable functions con- 
tained in the 7C245A CMOS 2K x 8 Registered PROM; 
the 2K x 8 array, the initial byte, and the synchronous 
enable bit. All of the programming elements are 
“EPROM” cells, and are in an erased state when the de- 
vice is shipped. This erased state manifests itself differently 
in each case. The erased state for ENABLE bit is the 
“ASYNCHRONOUS ENABLE” mode. The erased state 
for the “INITIAL BYTE” is all “0’s” or “LOW”. The 
“INITIAL BYTE” may be accessed operationally thru the 
use of the initialize function. The erased state for the 
2K x 8 array is all “0’s” or “LOW”. 


DC Programming Parameters T A = 25°C 


Table 1 


Parameter 

Description 

Min. 

Max. 

Units 

Vpplfl 

Programming Voltage 

12.0 

13.0 

V 

Vccp 

Supply Voltage 

4.75 

5.25 

V 

Vihp 

Input High Voltage 

3.0 


V 

ViLP 

Input Low Voltage 


0.4 

V 

Vqh^ 

Output High Voltage 

2.4 


V 

V OL^ 

Output Low Voltage 


0.4 

V 

Ipp 

Programming Supply Current 


50 

mA 


AC Programming Parameters Ta = 25°C 

Table 2 


Parameter 

Description 

Min. 

Max. 

Units 

tpp 

Programming Pulse Width 

200 

10,000 

JU.S 

tAS 

Address Setup Time 

1.0 


JU.S 

tDS 

Data Setup Time 

1.0 


fis 

tAH 

Address Hold Time 

1.0 


fJLS 

tDH 

Data Hold Time 

1.0 


JLLS 

tR, tF^ 

Vpp Rise and Fall Time 

1.0 


JUS 

tVD 

Delay to Verify 

1.0 


JUS 

typ 

Verify Pulse Width 

2.0 


JU.S 

tDV 

Verify Data Valid 


1.0 

JU.S 

tDZ 

Verify HIGH to High Z 


1.0 

JUS 


Notes: 

1. Vccp must be applied prior to Vpp. 

2. During verify operation. 

3. Measured 10% and 90% points. 
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Mode Selection 


Table 3 


Mode 


Pin Function l 1 ! 

Outputs 
(9-11, 13-17) 

Read or Output Disable 

A 3 

CP 

E/Es 

INIT 

Ao 

Other 

A 3 

PGM 

VFY 

Vpp 

Ao 

Pin 

(5) 

(18) 

(19) 

20 

(8) 

Read! 2 - 3 ] 

X 

X 

VlL 

Vih 

X 

Data Out 

Output Disable 

X 

X 

VlH 

VlH 

X 

High Z 

Program [4] 

X 

VlLP 

VlHP 

Vpp 

X 

Data In 

Program Verify M 

X 

VlHP 

VlLP 

Vpp 

X 

Data Out 

Program Inhibit^] 

X 

VlHP 

VlHP 

Vpp 

X 

High Z 

Intelligent Program M 

X 

VlLP 

VlHP 

Vpp 

X 

Data In 

Program Synch Enable M 

VlHP 

VlLP 

VlHP 

Vpp 

Vpp 

High Z 

Program Initial ByteW 

VlLP 

VlLP 

VlHP 

Vpp 

Vpp 

Data In 


Notes: 

1. X = Don’t care but not to exceed Vpp. 4. During programming and verification, all unspecified pins to be at 

2. During read operation, the output latches are loaded on a “0” to “1” Vilp. 

transition of CP. 5. If the registered device is being operated in a synchronous mode, pin 

3. If the registered device is being operated in a synchronous mode, pin 19 must be HIGH prior to the “0” to “1” transition on CP (18) that 

19 must be LOW prior to the “0” to “1” transition on CP (18) that loads the register. 

loads the register. 


A 7 C 



I] Vcc 

A 6 C 

2 

23 

3 A 8 

a 5 [ 

3 

22 

D Ag 

a 4 C 

4 

21 

3 A 10 

A 3 C 

5 

20 

3 VPP (INIT) 

a 2 c 

6 

19 

3 VFY (E/E s ) 

AlC 

7 

18 

3 PGM (CP) 

AoC 

8 

17 

3D7 

DoC 

9 

16 

3db 

DlC 

10 

15 

3d 5 

D2L 

11 

14 

3D4 

VssL 

12 

13 

3d 3 
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Figure 3. Programming Pinouts 


The CY7C245A programming algorithm allows signifi- 
cantly faster programming than the “worst case” specifica- 
tion of 10 msec. 

Typical programming time for a byte is less than 2.5 msec. 
The use of EPROM cells allows factory testing of pro- 
grammed cells, measurement of data retention and erasure 
to ensure reliable data retention and functional perform- 
ance. A flowchart of the algorithm is shown in Figure 4. 

The algorithm utilizes two differe nt puls e types: initial and 
overprogram. The duration of the PGM pulse (tpp) is 0.2 
msec which will then be followed by a longer overprogram 
pulse of 4 (0. 1) (X) msec. X is an iteration counter and is 
equal to the NUMBER of the initial 0.2 msec pulses ap- 
plied before verification occurs. Up to ten 0.2 msec pulses 
are provided before the overprogram pulse is applied. 

The entire sequence of program pulses and byte verifica- 
tions is performed at Vccp = 5.0V. When all bytes have 
been programmed all bytes should be compared (Read 
mode) to original data with Vcc = 5.0V. 


Bit Map Data 


Programmer Address 

RAM Data 

Decimal 

Hex 

Contents 

0 

0 

DATA 

• 

• 

• 

• 

• 

• 

• 

• 

• 

2047 

7FF 

DATA 

2048 

800 

INIT BYTE 

2049 

801 

CONTROL BYTE 


Control Byte 

00 Asynchronous output enable (default state) 

01 Synchronous output enable 
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Programming Sequence 2K x 8 Array 

Power the device for normal read mode operation with pin 
18, 19 and 20 at Vih- Per Figure 5 take pin 20 to Vpp. The 
device is now in the program inhibit mode of operation 
with the output lines in a high impedance state; see Figures 
5 and 6. Again per Figure 5 address program and verify 
one byte of data. Repeat this for each location to be pro- 
grammed. 

If the brute force programming method is used, the pulse 
width of the program pulse should be 10 ms, and each 


CY7C245A 


location is programmed with a single pulse. Any location 
that fails to verify causes the device to be rejected. 

If the intelligent programming technique is used, the pro- 
gram pulse width should be 200 ju,s. Each location is ulti- 
mately programmed and verified until it verifies correctly 
up to and including 10 times. When the location verifies, 
one additional programming pulse should be applied of du- 
ration 4X the sum of the previous programming pulses 
before advancing to the next address to repeat the process. 


PROGRAM 
OTHER BYTES 




Figure 6. Initial Byte Programming Waveforms 
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Programming the Initialization Byte 

The CY7C245A registered PROM has a 2049th byte of 
data used to initialize the value of the register. This initial 
byte is value “0” when the part is received. If the user 
desires to have a value other than “0” for register initializa- 
tion, this must be programmed into the 2049th byte. This 
byte is programmed in a similar manner to the 2048 nor- 
mal bytes in the array except for two considerations. First, 
since all of the normal addresses of the part are used up, a 
super voltage will be used to create additional effective ad- 
dresses. The actual address has Vpp on Ao pin 8, and Vilp 
on A3, pin 5, per Table 3. The programming and verifica- 
tion of “INITIAL BYTE” is accomplished operationally 
by performing an initialize function. 


Programming Synchronous Enable 

The CY7C245A provides for both a synchronous and asyn- 
chronous enable function. The device is delivered in an 
asynchronous mode of operation and only requires that the 
user alter the device if synchronous operation is required. 
The determination of the option is accomplished thru the 
use of an EPROM cell which is programmed only if syn- 
chronous operation is required. As with the INITIAL byte, 
this function is addressed thru the use of a supervoltage. 

Per Table 3, Vpp is applied to pin 8 (Ao) with pin 5 (A3) at 
Vihp- This addresses the cell that programs synchronous 
enable. Programming the cell is accomplished with a 10 ms 
program pulse on pin 18 (PGM) but does not require any 
data as there is no choice as to how synchronous enable 
may be programmed, only if it is to be programmed. 



V|LP 


Figure 7. Program 

Verification of Synchronous Enable 

Verification of the synchronous enable function is accom- 
plished operationally. Power the device for read operation 
with pin 20 at Vih, cause clock pin 18 to transition from 
Vil to Vih- The o utput should be in a High Z state. Take 
pin 20, ENABLE, to Vil. The outputs should remain in a 
high Z state. Transition the clock from Vil to Vih, the 
outputs should now contain the data that is present. Again 
set pin 19 to Vih- The output should remain driven. Clock- 
ing pin 18 once more from Vil to Vih should place the 
outputs again in a High Z state. 
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Synchronous Enable 

Blank Check 

A virgin device contains all zeros. To blank check this 
PROM, use the verify mode to read locations 0 thru 2047. 
A device is considered virgin if all locations are “0’s” when 
addressed. 
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Ordering Information 


Speed (ns) 

Icc 

Ordering 

Package 

Operating 

tSA 

tco 

mA 

Code 

Type 

Range 

15 

10 

120 

CY7C245 A- 1 5PC 

P13 

Commercial 




CY7C245A-15WC 

W14 


18 

12 

120 

CY7C245 A- 1 8PC 

P13 

Commercial 




CY7C245A-18WC 

W14 





CY7C245 A- 1 8DMB 

D14 

Military 




CY7C245A- 1 8QMB 

Q64 





CY7C245 A- 1 8 WMB 

W14 





CY7C245 A- 1 8LMB 

L64 


25 

15 

90 

CY7C245A-25PC 

P13 

Commercial 




CY7C245A-25SC 

S13 





CY7C245A-25WC 

W14 





CY7C245A-25LC 

L64 




120 

CY7C245A-25DMB 

D14 

Military 




CY7C245A-25QMB 

Q64 





CY7C245A-25WMB 

W14 





CY7C245A-25LMB 

L64 



Speed (ns) 

Icc 

mA 

Ordering 

Code 

Package 

Type 

Operating 

Range 

tSA 

BB1 

35 

20 

60 

CY7C245AL-35PC 

P13 

Commercial 

CY7C245AL-35WC 

W14 

90 

CY7C245A-35PC 

P13 

CY7C245A-35SC 

S13 

CY7C245A-35WC 

W14 

CY7C245A-35LC 

L64 



120 

CY7C245A-35WMB 

W14 

Military 




CY7C245A-35LMB 

L64 





CY7C245A-35DMB 

D14 





CY7C245A-35QMB 

Q64 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 

Subgroups 

VOH 

1,2,3 

VOL 

1,2,3 

VlH 

1,2,3 

VlL 

1,2,3 

Iix 

1,2,3 

loz 

1,2,3 

Icc 

1,2,3 


Switching Characteristics 


Parameters 

Subgroups 

tSA 

7,8,9,10,11 

tHA 

7,8,9,10,11 

tco 

7,8,9,10,11 


Document #: 38-00004-B 
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Features 

• CMOS for optimum 
speed/power 

• Windowed for reprogrammability 

• High speed 

— 45 ns (commercial) 

— 55 ns (military) 

• Low power 

— 550 mW (commercial) 

— 660 mW (military) 

• Super low standby power 
(7C251) 

— Less than 165 mW when 
deselected 

— Fast access: 50 ns 

• EPROM technology 100% 
programmable 

• Slim 300 mil or standard 600 
mil packaging available 

• 5V ±10% Vcci commercial and 
military 

• TTL compatible I/O 


• Direct replacement for bipolar 
PROMs 

• Capable of withstanding > 2001V 
static discharge 

Product Characteristics 

The CY7C251 and CY7C254 are high 
performance 16,384 word by 8 bit 
CMOS PROMs. When deselected, the 
7C251 automatically powers down into 
a low power stand-by mode. It is pack- 
aged in the 300 mil wide package. The 
7C254 is packaged in 600 mil wide 
packages and does not power down 
when deselected. The 7C251 and 
7C254 reprogrammable CERDIP 
packages are equipped with an erasure 
window; when exposed to UV light, 
these PROMs are erased and can then 
be reprogrammed. The memory cells 
utilize proven EPROM floating gate 
technology and byte-wide intelligent 
programming algorithms. 


16,384 x 8 PROM 
Power Switched and 
Reprogrammable 

The CY7C251 and CY7C254 are plug- 
in replacements for bipolar devices and 
offer the advantages of lower power, 
superior performance and program- 
ming yield. The EPROM cell requires 
only 12.5V for the supervoltage and 
low current requirements allow for 
gang programming. The EPROM cells 
allow for each memory location to be 
tested 100%, as each location is written 
into, erased, and repeatedly exercised 
prior to encapsulation. Each PROM is 
also tested for AC performance to 
guarantee that after customer program- 
ming the product will meet DC and 
AC specification limits. 

Reading is accomplished by placing all 
four chip selects in their active states. 
The contents of the memory location 
addressed by the address lines (Ao- 
A13) will become available on the out- 
put lines (O0-O7). 





7C251-45 

7C254-45 

7C251-55 

7C254-55 

7C251-65 

7C254-65 

Maximum Access Time (ns) 


45 

55 

65 

Maximum Operating 

Commercial 

100 

100 

100 

Current (mA) 

Military 


120 

120 

Standby Current (mA) 

Commercial 

30 

30 

30 

(7C251 only) 

Military 


35 

35 
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Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature — 65° C to + 150°C 

Ambient Temperature with 


Static Discharge Voltage > 2001V 


Power Applied — 55°C to + 125°C 

Supply Voltage to Ground Potential 

(Pin 28 to Pin 14) -0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State -0.5V to + 7.0V 

DC Input Voltage - 3.0V to + 7.0V 

DC Program Voltage (Pin 22) 13.5V 


(per MIL-STD-883, Method 3015) 

Latchup Current > 200 mA 

UV Exposure 7258 Wsec/cm 2 

Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70°C 

5V + 10% 

Military 15] 

— 55°C to + 125°C 

5V ± 10% 


Electrical Characteristics Over the Operating Rangel 6 ] 


Parameters 

Description 

Test Conditions 

7C251-45 

7C254-45 

7C251-55,65 

70254-55,65 

Units 

Min. 

Max. 

Min. 

Max. 

VoH 

Output HIGH Voltage 

Vcc = Min., Ioh = —4.0 mA 

mm 


2.4 


V 

VoL 

Output LOW Voltage 

Vcc = Min., Iol = 16-0 mA 


0.5 


0.5 

V 

VlH 

Input HIGH Level! *1 


2.0 


2.0 


V 

VlL 

Input LOW Level! '1 



0.8 


0.8 

V 

Iix 

Input Current 

GND Vjn Vcc 

-10 

+ 10 

-10 

+ 10 

ju-A 

VCD 

Input Diode Clamp 
Voltage 


Note 2 

Note 2 


loz 

Output Leakage Current 

Vol — Vout ^ Voh, Output Disabled 

-40 

+ 40 

-40 

+ 40 

fj-A 

los 

Output Short 

Circuit Current W 

Vcc = Max., Vqut = GND 

-20 

-90 

-20 

-90 

mA 

Icc 

Power Supply 

Current 

Vcc = Max., Vin = 2.0V 

IOUT = 0 mA 

Commercial 


100 


100 

mA 

Military 




120 

mA 

ISB 

Standby Supply 

Current (7C251) 

Vcc = Max., CS > Vjh 

IOUT = 0 mA 

Commercial 


30 


30 

mA 

Military 




35 

mA 


Capacitance I 4 ] 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Qn 

Input Capacitance 

T a = 25°C, f = 1 MHz 

V CC = 5.0V 

10 

pF 

CoUT 

Output Capacitance 

10 


Notes: 


3. For test purposes, not more than one output at a time should be 
shorted. Short circuit test duration should not exceed 30 seconds. 

4. Tested initially and after any design or process changes that may 
affect these parameters. 

5. Ta is the “instant on” case temperature. 

6. See the last page of this specification for Group A subgroup testing 
information. 


1. These are absolute voltages with respect to device ground pin and 
include all overshoots due to system and/or tester noise. Do not at- 
tempt to test these values without suitable equipment. 

2. The CMOS process does not provide a clamp diode. However, the 
CY7C25 1 and CY7C254 are insensitive to — 3V dc input levels and 
— 5V undershoot pulses of less than 10 ns (measured at 50% point). 
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Switching Characteristics Over the Operating Rangel 6 . 7] 


Parameters 

Description 

tAA 

Address to Output Valid 

tHZCSi 

Chip Select Inactive to High Zl 8 > 9] 

tHZCS2 

Chip Select Inactive to High Z (7C251, CSj Only)l8l 

tACSi 

Chip Select Active to Output Validol 

tACS 2 

Chip Select Active to Output Valid (7C251, CSj Only) 

tpu 

Chip Select Active to Power Up (7C25 1) 

tPD 

Chip Select Inactive to Power Down (7C251) 


7C251-45 

7C254-45 


Min. Max 


45 


7C251-55 

7C254-55 
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Notes: 

7. Test conditions assume signal transition times of 5 ns or less, timing 8. tnzcs is tested with load shown in Figure lb. Transition is measured 

reference levels of 1.5V, output loading of the specified Iol/Ioh and at steady state High level — 500 mV or steady state Low level 4- 500 

loads shown in Figure la, lb. mV on the output from the 1.5V level on the input. 

9- tnzcs i and tACSi re f ers t0 7C254 (all chip selects); and 7C251 (CS2, 
CS3 and CS4 only). 

Erasure Characteristics 


Wavelengths of light less than 4000 Angstroms begin to 
erase the 7C25 1 and 7C254 in the windowed package. For 
this reason, an opaque label should be placed over the win- 
dow if the PROM is exposed to sunlight or fluorescent 
lighting for extended periods of time. 

The recommended dose of ultraviolet light for erasure is a 
wavelength of 2537 Angstroms for a minimum dose (UV 


intensity X exposure time) or 25 Wsec/cm 2 . For an ultra- 
violet lamp with a 12 mW/cm 2 power rating the exposure 
time would be approximately 45 minutes. The 7C25 1 or 
7C254 needs to be within 1 inch of the lamp during era- 
sure. Permanent damage may result if the PROM is ex- 
posed to high intensity UV light for an extended period of 
time. 7258WX sec/cm 2 is the recommended maximum 
dosage. 
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Device Programming 

The CY7C251 and CY7C254 all program identically. They 
utilize an intelligent programming algorithm to assure con- 
sistent programming quality. These 128K PROMS use a 
single ended memory cell design. In an unprogrammed 
state, the memory contains all “0”s. During programming, 
a “1” on a data-in pin causes the addressed location to be 
programmed, and a “0” causes the location to remain un- 
programmed. 


Programming Pinout 

The Programming Pinout of all three devices are shown in 
Figure 3 below, and are identical. The programming mode 
is entered by raising the pin 22 to Vpp. The addressed 
l ocation is p rogra mmed and verified with the application of 
a PGM and VFY pulse applied to pins 23 and 21 respec- 
tively. Entering and exiting the programming mode should 
be done with care. Proper sequencing as described in the 
dialog on the programming algorithm and shown in the 
timing diagram and programming flow chart must be im- 
plemented. 


Programming And Blankcheck 

Blankcheck 

Blank check is accomplished by performing a verify cycle 
(VFY toggles on each address), sequencing through all 
memory address locations, where all the data read will be 

“0”s. 


CY7C251 

CY7C254 


Programming Algorithm 

Programming is accomplished with an intelligent algo- 
rithm. The sequence of operations is to enter the program- 
ming mode by placing Vpp on pin 22. This should be done 
after a minimum delay from power up, and be removed 
prior to power down by the same delay (see the timing 
diagram and AC specifications for details). Once in this 
mode, programming is accomplished by addressing a loca- 
tion, placing the data to be pro gramm ed into a location on 
the data pins, and clocking the PGM signal from Vihp to 
Vilp and back to Vihp with a pulse width of 200 ju.s. The 
data is removed from the data pins an d the content of the 
location is then verified by taking the VFY signal from 
Vihp to Vilp, com parin g the output with the desired data 
and then returning VFY to Vihp- If the contents are cor- 
rect, a second overprogram pulse of 4 times the original 
200 jus is delivered with the data to be programmed again 
on the data pins. I f the d ata is not correct, a second 200 jus 
pulse is applied to PGM with the data to be programmed 
on the data pins. The compare and overprogram operation 
is repeated with an overprogram pulse width 4 times the 
sum of the initial program pulses. This operation is contin- 
ued until the location is programmed or 10 initial program 
pulses have been attempted. If on the 10th attempt, the 
location fails to verify, an overprogram pulse of 8 ms is 
applied, and the content of the location is once more veri- 
fied. If the location still fails to verify, the device is reject- 
ed. Once a location verifies successfully, the address is ad- 
vanced to the next location, and the process is repeated 
until all locations are programmed. After all locations are 
programmed, they should be verified at Vccp = 5.0V. 



VCC 

A10 

A1 1 

A12 

A13 

PGM 

VPP 

VFY 

NA 

D7 

D6 

D5 

D4 

D3 


0086-8 

Figure 3. Programming Pinout (DIP Package) 
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Operating Modes 


Read 

Read is the normal operating mode for a programmed de- 
vice. In this mode, all signals are normal TTL levels. The 
PROM is addressed with a 14 bit field, 4 chip select bits, 
and the contents of the addressed location appear on the 
data out pins. 

Program, Program Inhibit, Program Verify 

These modes are entered by placing a high voltag e Vpp on 
pin 22. Pin 23 becomes an active LOW program ( PGM ) 
signal and pin 21 becomes an active LOW verify (VFY) 
signal. Pins 21 and 23 should never be active L OW at the 
same time. The P ROGRAM mode exists when PGM is 
LOW, and VFY is HIGH . The VER IFY m ode exists when 
the reverse is true, PGM HIGH and VFY LOW a nd the 
PR OGRA M INHIBIT mode is entered with both PGM 
and VFY HIGH. PROGRAM INHIBIT is specifically 
provided to allow data to be placed on and removed from 
the data pins without conflict. 

Blankcheck 

Blankcheck mode is identical to PROGRAM VERIFY 
and is entered in the same manner as described above. 


CY7C251 

CY7C254 


Programming Sequence 

The flowchart in Figure 4 is a detailed description of the 
intelligent programming cycle used to program the devices 
covered in this specification. Of particular importance are 
the areas of power sequencing used to enter and exit the 
programming operation. This flowchart combined with the 
timing diagrams AC and DC parameters accurately de- 
scribe this complete operation. 

The timing diagram in Figure 5 contains all of the timing 
information necessary for describing the relations required 
for programming the devices covered in this specification. 
Some of the information pertains to each cycle of program- 
ming as specified in Figure 4, and some pertains only to 
entry and exit from the programming mode of operation. 

Tp, Tpo and Thp refer to the entry and exit from the 
program ming m od e of op eration. Note that this is refer- 
enced to PGM and VFY operations. 

Tds> Tas» Tah and Tdh refer to the r equired set up an d 
hold times for the address and data for PGM and VFY 
operations. These parameters must be adhered to, in all 
operations, including Vfy- This precludes the option then 
of verifying the device by holding the Vpy signal LOW, 
and sequencing the addresses. 


Table 1. Operating Modes 


Mode 


Pin Function 

Outputs 
(11-13, 15-19) 

Read or Output Disable 

CS4 

cs 3 

cs 2 

C§1 

Other 

N/A 

VFY 

Vpp 

PGM 

Pin Number 

(20) 

(21) 

(22) 

(23) 

Read 

Vil 

VlH 

Vil 

Vil 

Data Out 

Output Disable!*! 

X 

X 

X 

Vih 

High Z 

Output Disable!*] 

X 

X 

VlH 

X 

High Z 

Output Disable!*] 

X 

VlL 

X 

X 

High Z 

Output Disable!*] 

VlH 

X 

X 

X 

High Z 

Program 

X 

ViHP 

Vpp 

VlLP 

Data In 

Program Verify 

X 

VlLP 

Vpp 

ViHP 

Data Out 

Program Inhibit 

X 

ViHP 

Vpp 

ViHP 

High Z 

Blank Check 

X 

VlLP 

Vpp 

ViHP 

Data Out 


Note: 

1. X = Don’t care but not to exceed Vcc + 5%. 
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Typical AC and DC Characteristics 


NORMALIZED SUPPLY CURRENT NORMALIZED SUPPLY CURRENT NORMALIZED ACCESS TIME 

vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 



SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) SUPPLY VOLTAGE (V) 


NORMALIZED ACCESS TIME OUTPUT SOURCE CURRENT TYPICAL ACCESS TIME 


vs. TEMPERATURE vs. VOLTAGE CHANGE vs. OUTPUT LOADING 



AMBIENT TEMPERATURE (°C) OUTPUT VOLTAGE (V) CAPACITANCE (pF) 


OUTPUT SINK CURRENT 
vs. OUTPUT VOLTAGE 



OUTPUT VOLTAGE (V) 
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Figure 5. Programming Waveforms 

Note: Power, Vpp and Vcc should not be cycled for each program verify cycle but remain static during programming. 

Table 2. DC Programming Parameters Ta = 25°C 


Parameter 

Description 

Min. 

Max. 

Units 

Vpp 

Programming Voltage 

12.0 

13.0 

V 

Vccp 

Power Supply Voltage During Programming 

4.75 

5.25 

V 

Ipp 

Vpp Supply Current 


50 

mA 

VlHP 

Input High Voltage During Programming 

3.0 

Vccp 

V 

VlLP 

Input Low Voltage During Programming 

-3.0 

0.4 

V 

VOH 

Output High Voltage 

2.4 


V 

VOL 

Output Low Voltage 


0.4 

V 


Table 3. AC Programming Parameters Ta = 25°C 


Parameter 

Description 

Min. 

Max. 

Units 

tAS 

Address Setup Time to PGM/VFY 

1.0 


jus 

tAH 

Address Hold Time from PGM/VFY 

1.0 


jxs 

tDS 

Data Setup Time to PGM 

1.0 


fXS 

tDH 

Data Hold Time PGM 

1.0 


fis 

tpp 

Program Pulse Width 

0.2 

10 

ms 

tR, F 

Vpp Rise and Fall Time 

100 


ns 

tDV 

Delay to Verify 

1.0 


jas 

tVD 

Verify to Data Out 


1.0 

JU.S 

tVH 

Data Hold Time from Verify 


1.0 

JUS 

tvp 

Verify Pulse Width 

2.0 


fis 

tDZ 

Verify to High Z 


1.0 

jas 

tDP 

Delay to Function 

1.0 


jits 

tHP 

Hold from Function 

1.0 


JU.S 

tp 

Power Up/Down 

20.0 


ms 
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Ordering Information 


Speed 

Ordering 

Package 

Operating 

(ns) 

Code 

Type 

Range 

45 

CY7C251-45PC 

P21 

Commercial 


CY7C251-45WC 

W22 



CY7C254-45WC 

W16 



CY7C254-45PC 

P15 



CY7C254-45DC 

D16 


55 

CY7C251-55PC 

P21 



CY7C251-55WC 

W22 



CY7C254-55WC 

W16 



CY7C254-55PC 

P15 



CY7C254-55DC 

D16 



CY7C251-55WMB 

W22 

Military 


CY7C251-55DMB 

D22 



CY7C254-55WMB 

W16 



CY7C254-55DMB 

D16 


65 

CY7C251-65PC 

P21 

Commercial 


CY7C251-65WC 

W22 



CY7C254-65WC 

W16 



CY7C254-65PC 

P15 



CY7C254-65DC 

D16 



CY7C25 1-65WMB 

W22 

Military 


CY7C251-65DMB 

D22 



CY7C25 1 -65LMB 

L55 



CY7C25 1 -65QMB 

Q55 



CY7C254-65WMB 

W16 



CY7C254-65LMB 

L55 



CY7C254-65QMB 

Q55 



CY7C254-65DMB 

D16 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 

Subgroups 

VoH 

1,2,3 

VoL 

1,2,3 

Vih 

1,2,3 

VlL 

1,2,3 

Iix 

1,2,3 

loz 

1,2,3 

Icc 

1,2,3 

I S b[2] 

1,2,3 


CY7C251 

CY7C254 



Switching Characteristics 


Parameters 

Subgroups 

tAA 

7,8,9,10,11 

tACSl [l] 

7,8,9,10,11 

tACS2 [2 l 

7,8,9,10,11 


Notes: 

1. 7C254 and 7C251 (CS 2 , CS 3 and CS 4 only). 

2. 7C251 (CSi only). 

Document #: 38-00056-C 


3-59 





CY7C261 

CY7C263/CY7C264 



ss 


PYPPT7QC 

SEMICONDUCTOR 


Features 

• CMOS for optimum 
speed/power 

• Windowed for reprogrammability 

• High speed 

— 30 ns (commercial) 

— 35 ns (military) 

• Low power 

— 550 mW (commercial) 

— 660 mW (military) 

• Super low standby power 
(7C261) 

— Less than 200 mW when 
deselected 

— Fast access: 30 ns 

• EPROM technology 100% 
programmable 

• Slim 300 mil or standard 600 
mil packaging available 

• 5V ± 10% Vcc» commercial and 
military 

• TTL compatible I/O 


• Direct replacement for bipolar 
PROMs 

• Capable of withstanding > 2000V 
static discharge 

Product Characteristics 

The CY7C261, CY7C263 and 
CY7C264 are high performance 8192 
word by 8 bit CMOS PROMs. When 
deselected, the 7C261 automatically 
powers down into a low power stand- 
by mode. It is packaged in the 300 mil 
wide package. The 7C263 and 7C264 
are packaged in 300 mil and 600 mil 
wide packages respectively and do not 
power down when deselected. The re- 
programmable CERDIP packages are 
equipped with an erasure window; 
when exposed to UV light, these 
PROMs are erased and can then be re- 
programmed. The memory cells utilize 
proven EPROM floating gate technolo- 
gy and byte-wide intelligent program- 
ming algorithms. 


8192 x 8 PROM 
Power Switched and 
Reprogrammable 

The CY7C261, CY7C263 and 
CY7C264 are plug-in replacements for 
bipolar devices and offer the advan- 
tages of lower power, superior perform- 
ance and programming yield. The 
EPROM cell requires only 12.5V for 
the supervoltage and low current re- 
quirements allow for gang program- 
ming. The EPROM cells allow for each 
memory location to be tested 100%, as 
each location is written into, erased, 
and repeatedly exercised prior to en- 
capsulation. Each PROM is also tested 
for AC performance to guarantee that 
after customer programming the prod- 
uct will meet DC and AC specification 
limits. 

Reading is accomplished by placing an 
active LOW signal on CS. The contents 
of the memory location addressed by 
the address lines (A0-A12) will become 
available on the output lines (O0-O7). 


Logic Block Diagram 


Pin Configurations 



A,c 

1 


24 

D v cc 

A eL 

2 


23 

da. 

As[ 

3 


22 

Da, 

Alt 

4 


21 

3*10 

A,C 

5 

O 

20 

D£3 

A*C 

6 

19 

3*11 

AlC 

7 

18 

D*i 2 

AoC 

8 


17 

Do, 

OoC 

9 


16 

Do, 

0,C 

10 


15 

Do, 

° 2 C 

11 


14 

Do, 

gndC 

12 


13 

Do, 



Selection Guide 



7C261-30 

7C263-30 

7C264-30 

7C261-35 

7C263-35 

7C264-35 

7C261-40 

7C263-40 

7C264-40 

7C261-45 

7C263-45 

7C264-45 

7C261-55 

7C263-55 

7C264-55 

Maximum Access Time (ns) 

30 

35 

40 

45 

55 

Maximum Operating 
Current (mA) 

Commercial 

120 

100 

100 

100 

100 

Military 


120 


120 

120 

Standby Current (mA) 
(7C261 only) 

Commercial 

40 

30 

30 

30 

30 

Military 


30 


30 

30 
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Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature — 65° C to + 150°C 

Ambient Temperature with 


Static Discharge Voltage > 2001V 


Power Applied 

. — 55°C to +125°C 

Supply Voltage to Ground Potential 
(Pin 24 to Pin 12) 

. ..-0.5V to + 7.0V 

DC Voltage Applied to Outputs 
in High Z State 

. . . -0.5V to + 7.0V 

DC Input Voltage 

. . . -3.0V to + 7.0V 

DC Program Voltage 

(Pin 19 DIP, Pin 23 LCC) 

13.0V 


(per MIL-STD-883, Method 3015) 

Latchup Current > 200 mA 


UV Exposure 7258 Wsec/cm l. 2 * 

Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to +70°C 

5V ± 10% 

Military [5l 

— 55°C to + 125°C 

5V ± 10% 


Electrical Characteristics Over the Operating Range W 


Parameters 

Description 

Test Conditions 

7C261-30 

7C263-30 

7C264-30 

7C261-35 

7C263-35 

7C264-35 

7C261-40 

7C263-40 

7C264-40 

7C261-45, 55 
7C263-45, 55 
7C264-45, 55 

Units 

Min. 

Max. 





Min. 


VOH 

Output HIGH Voltage 

Vcc — Min., 

Ioh — —4.0 mA 

Commercial 



m 


m 




m 

Military 









mm 

VoH 

Output HIGH Voltage 

Vcc = Min., 

Ioh = — 2.0 mA 

Commercial 

m 








n 

Military 



m 






mm 

VOL 

Output LOW Voltage 

Vcc = Min., 
lOL = 16 mA 

Commercial 








0.4 










0.4 

mm 

VOL 

Output LOW Voltage 

Vcc = Min., 
lOL = 8 mA 

Commercial 









iS9 





m 





m 

VlH 

Input HIGH Level 01 


IflPISl 




EH 


2.0 


mm 

VlL 

Input LOW Level! 0 



EH 




KfM 



mi 

Iix 

Input Current 

GND <S Vin <S V C c 

HfEI 





KIM 

-10 

+ 10 

1EI 

VcD 

Input Diode Clamp 
Voltage 


Note 2 


loz 

Output Leakage 
Current 

Vol ^ v ouT ^ Voh. 

Output Disabled 

-40 

+ 40 

-40 

+ 40 

-40 

+ 40 

-40 

+ 40 

juA 

los 

Output Short 

Circuit Currentt3l 

Vcc = Max., 

Vqut = GND 

-20 

-90 

-20 

-90 

-20 

-90 

-20 

-90 

mA 

Icc 

Power Supply 

Current 

Vcc = Max., 

Vin = 2.0V 

Commercial 


n . 








Military 








HHiB 


ISB 

Standby Supply 

Current (7C261) 

Vcc = Max., CS Vih 
Iqut = 0 mA 

Commercial 


E3 




9 


30 


Military 




MM 




30 

Qj 


Capacitance t 4 ] 


Parameters 

Description 

Test Conditions 

Max. 

Units 

ClN 

Input Capacitance 

T a = 25°C, f = 1 MHz 

5 

pF 

CqUT 

Output Capacitance 

Vcc = 5.0V 

8 


Votes: 


l. These are absolute voltages with respect to device ground pin and 

include all overshoots due to system and/or tester noise. Do not at- 

tempt to test these values without suitable equipment. 

!. The CMOS process does not provide a clamp diode. However, the 
CY7C261, CY7C263 & CY7C264 are insensitive to — 3V dc input 
levels and — 5V undershoot pulses of less than 10 ns (measured at 
50% point). 


3. For test purposes, not more than one output at a time should be 
shorted. Short circuit test duration should not exceed 30 seconds. 

4. Tested initially and after any design or process changes that may 
affect these parameters. 

5. T a is the “instant on” case temperature. 

6. See the last page of this specification for Group A subgroup testing 
information. 
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Switching Characteristics Over the Operating Ranged. 6] 


Parameters 

Description 

tAA 

Address to Output Valid 

tHZCSi 

Chip Select Inactive to High 

tHZCS2 

Chip Select Inactive to High Z (7C261)[ g l 

tACSl 

Chip Select Active to Output Valid 

tACS2 

Chip Select Active to Output Valid (7C261) 

tpu 

Chip Select Active to Power Up (7C261) 

tPD 

Chip Select Inactive to Power Down (7C261) 


7C261-30 7C261-35 7C261-40 7C261-45 7C261-55 

7C263-30 7C263-35 7C263-40 7C263-45 7C263-55 

7C264-30 7C264-35 7C264-40 7C264-45 7C264-55 Units 




Max. 


Max. 


Max. 

Min. 

Max. 


Max. 

30 


35 


40 


45 


55 

25 


25 


25 


30 


35 

30 


30 


35 


45 


55 

20 


20 


25 


30 


35 

35 


40 


45 


45 


55 


0 


0 


0 


0 


30 


35 


40 


45 


55 


AC Test Loads and Waveforms 

R1 250 n 



I- -J 

Figure 2. Input Pulses 


■ 10 % 

— s 5 ns 

0052-6 


Figure la 

Equivalent to: THEVENIN EQUIVALENT 

100 J2 


Figure lb 


2.0 V 0052-5 


SUPPLY 

CURRENT 

A 0“ A 1 2 
ADDRESS 



Notes: 

7. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5 V, output loading of the specified Ioi/Ioh and 
loads shown in Figure la, lb. 

Erasure Characteristics 

Wavelengths of light less than 4000 Angstroms begin to 
erase the devices in the windowed package. For this reason, 
an opaque label should be placed over the window if the 
PROM is exposed to sunlight or fluorescent lighting for 
extended periods of time. 

The recommended dose of ultraviolet light for erasure is a 
wavelength of 2537 Angstroms for a minimum dose (UV 


8- tnzcs is tested using the load shown in Figure lb. The transition time 
is measured from 1.5V on the CS low to high transition to the output 
transition through the ± 500 mV level respective to the 2.0V bias 
voltage (VpHZCSL = 1.5V, Vthzcsh = 2.5V). 


intensity X exposure time) or 25 Wsec/cm 2 . For an ultra- 
violet lamp with a 12 mW/cm 2 power rating the exposure 
time would be approximately 45 minutes. The 7C261 or 
7C263 needs to be within 1 inch of the lamp during era- 
sure. Permanent damage may result if the PROM is ex- 
posed to high intensity UV light for an extended period of 
time. 7258W X sec/cm 2 is the recommended maximum 
dosage. 
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Device Programming 

The CY7C261, CY7C263 & CY7C264 all program identi- 
cally. They utilize an intelligent programming algorithm to 
assure consistent programming quality. These 64K 
PROMS use a single ended memory cell design. In an un- 
programmed state, the memory contains all “0”s. During 
programming, a “1” on a data-in pin causes the addressed 
location to be programmed, and a “0” causes the location 
to remain unprogrammed. 

Programming Pinout 

The Programming Pinout of all three devices are shown in 
Figure 3 below, and are identical. The programming mode 
is entered by raising the pin 19 to Vpp. In this mode, pin 21 
becomes a latch signal, allowing the upper 5 address bits to 
be latched and held in an onboard register, while the lower 
8 address bits are presented on the same pins for selecting 
one of 256 memory bytes. The addressed locati on is p ro- 
gram med and verified with the application of a PGM and 
VFY pulse applied to pins 22 and 23 respectively. Entering 
and exiting the programming mode should be done with 
care. Proper sequencing as described in the dialog on the 
programming algorithm and shown in the timing diagram 
and programming flow chart must be implemented. 

Programming And Blankcheck 

Addressing During Programming and Blankcheck 

Addressing to these devices in all modes of operation other 
than normal read operation is accomplished by multiplex- 
ing the upper 5 address bits with the lower 8. The address 
designations for the lower 8 addressing bits is AXO through 
AX7 and the upper 5 address bits are designated AY8 
through AY 12. This allows sufficient pins for an intelligent 
programming algorithm to be implemented without the 
need to switch high voltage signals during the blankcheck, 
programming, and verification operation. 

Addressing while in these modes is accomplished by plac- 
ing the upper 5 bits of address on pins 8, 7, 6, 5, and 4 with 
the least significant bit on pin 8. These address bits are 


CY7C261 

CY7C263/CY7C264 


loaded into an onboard register by clocking pin 21, the 
latch signal, from Vilp to Vjhp and back to Vjlp- The 
lower 8 address bits are then placed on pins 8 through 1, 
with the least significant bit on pin 8. The upper 5 bits 
remain in the onboard latch until a new value is loaded or 
power is removed from the device. All 256 bytes addressed 
by the lower 8 bits may be accessed by sequencing the 
lower 8 addresses without changing the upper 5 bits or re- 
latching the value in the onboard register. 

Blankcheck 

Blankcheck is accomplished by performing a verify cycle, 
sequencing through all memory address locations, where 
all the data read will be “0”s. 

Programming Algorithm 

Programming is accomplished with an intelligent algo- 
rithm. The sequence of operations is to enter the program- 
ming mode by placing Vpp on pin 19. This should be done 
after a minimum delay from power up, and be removed 
prior to power down by the same delay (see the timing 
diagram and AC specifications for details). Once in this 
mode, programming is accomplished by addressing a loca- 
tion as described above, placing the data to be pr ogram med 
into a location on the data pins, and clocking the PGM 
signal from Vihp to Vjlp and back to Vihp with a pulse 
width of 200 jus. The data is removed from the data pins 
and the c ontent of the location is then verified by taking 
the VFY signal from Vihp to Vilp, com paring the output 
with the desired data and then returning VFY to Vihp- If 
the contents are correct, a second overprogram pulse of 4 
times the original 200 jus is delivered with the data to be 
programmed again on the data pins. If t he dat a is not cor- 
rect, a second 200 jus pulse is applied to PGM with the 
data to be programmed on the data pins. The compare and 
overprogram operation is repeated with an overprogram 
pulse width 4 times the sum of the initial program pulses. 
This operation is continued until the location is pro- 
grammed or 10 initial program pulses have been attempted. 
If on the 10th attempt, the location fails to verify, an over- 
program pulse of 8 ms is applied, and the content of the 


AX7 - 

1 

— 

24 

— V CC 

AX6 - 

2 

23 

— V FY 

AX5 - 

3 

22 

- PGM 

AX4/AY12- 

4 

21 

- LATCH 

AX3/AY1 1 - 

5 

20 

- CS 

AX2/AY10 - 

6 

19 

— Vpp 

AX1/AY9 - 

7 

18 

- NA 

AX0/AY8 - 

8 

17 

- DI7 

DIO - 

9 

16 

- DI6 

Dll - 

10 

15 

- DI5 

DI2 - 

11 

14 

- DI4 

V SS~ 

12 

13 

- DI3 


Figure 3. Programming Pinout (DIP Package) 
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location is once more verified. If the location still fails to 
verify, the device is rejected. Once a location verifies suc- 
cessfully, the address is advanced to the next location, and 
the process is repeated until all locations are programmed. 
After all locations are programmed, they should be verified 
atVccP = 5.0V. 

Operating Modes 

Read 

Read is the normal operating mode for a programmed de- 
vice. In this mode, all signals are normal TTL levels. The 
PROM is addressed with a 13 bit field, a chip select, (active 
LOW), is applied to the CS pin, and the contents of the 
addressed location appear on the data out pins. 

Program, Program Inhibit, Program Verify 

These modes are entered by placing a high voltage Vpp on 
pin 19, with pins 18 and 20 set to Vilp. In this state, pin 21 
becomes a latch signal, allowing the upper 5 address bits to 
be latched into an onb oard re gister, pin 22 becomes an 
active LOW progra m (PG M) signal and pin 23 becomes an 
active LOW verify (VFY) signal. Pins 22 and 23 should 
never be active L OW at the same tim e. The PROGRAM 
mode exists when PGM is LOW, and VFY is HIGH. The 
VERIFY mode e xists when the reverse is true, PGM 
HIGH and VFY LOW an d the P ROGRAM INHIBIT 
mode is entered with both PGM and VFY HIGH. PRO- 
GRAM INHIBIT is specifically provided to allow data to 
be placed on and removed from the data pins without con- 
flict. 

Blankcheck 

Blankcheck mode is identical to PROGRAM VERIFY 
and is entered in the same manner as described above. 


Programming Sequence 

The flowchart in Figure 4 is a detailed description of the 
intelligent programming cycle used to program the devices 
covered in this specification. Of particular importance are 
the areas of power sequencing used to enter and exit the 
programming operation. This flowchart combined with the 
timing diagrams AC and DC parameters accurately de- 
scribe this complete operation. Note should be taken of the 
inner and outer addressing loops which allow 256 bytes to 
be programmed each time the onboard register containing 
the upper 5 address bits is loaded. 

The timing diagram in Figure 5 contains all of the timing 
information necessary for describing the relations required 
for programming the devices covered in this specification. 
Some of the information pertains to each cycle of program- 
ming as specified in the inner loops of Figure 5, some for 
the outer loop where the upper address is advanced, and 
some pertains only to entry and exit from the programming 
mode of operation. 

In particular, the timing sequence associated with the 
Latch signal on pin 21 and addresses AY 8 through AY 12 
pertain only to the outer loop where the upper 5 (N in the 
flow chart) address bits are incremented. 

Tp, Tpo and Thp refer to the entry and exit from the 
programming mod e of op erat ion. N ote that this is refer- 
enced to LATCH, PGM and VFY operations. 

Tds> Tas, Tah and Tdh refer to the r equire d set up an d 
hold times for the address and data for PGM and VFY 
operations. These parameters must be adhered to, in all 
operations, including Vfy- This precludes the option then 
of verifying the device by holding the Vpy signal LOW, 
and sequencing the addresses. 


Table 1. Operating Modes 


Mode 

Pins 1 thru 3 
A7-A5, AX7-AX5 

Pins 4 thru 8 
A4-A0, AX4-AX0 
AY12-AY8 

Pins 9 thru 11 
DO thru D2 

Pins 13 thru 17 
D3 thru D7 

Pin 

18 

Pin 

19 

Pin 

20 

Pin 

21 

Pin 

22 

Pin 

23 

Read 

A7 thru A5 

A4 thru AO 

DOO thru D02 

D03 thru D07 

A12 




A9 

A 8 

Program 

AX7 thru AX5 

AX4 thru AXO 
AY12-AY8 

Dio thru DI 2 
Input 

DI 3 thru DI 7 
Input 

Vilp 

Vpp 

Vilp 

LAT 

Vilp 

Vihp 

Program Inhibit 

AX7 thru AX5 

AX4 thru AXO 
AY12-AY8 

High Z 

High Z 

Vilp 

Vpp 

Vilp 

LAT 

Vihp 

Vihp 

Program Verify 

AX7 thru AX5 

AX4 thru AXO 
AY12-AY8 

DOO thru D02 
Output 

D03 thru D07 
Output 

Vilp 

Vpp 

Vilp 

LAT 

VlHP 

Vilp 

Blank Check 

AX7 thru AX5 

AX4 thru AXO 
AY12-AY8 

Dio thru DI 2 
Output 

DI 3 thru DI 7 
Output 

Vilp 

Vpp 

Vilp 

LAT 

Vihp 

Vilp 
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Typical AC and DC Characteristics 


NORMALIZED SUPPLY CURRENT NORMALIZED SUPPLY CURRENT NORMALIZED ACCESS TIME 

vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 



SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) SUPPLY VOLTAGE (V) 


NORMALIZED ACCESS TIME OUTPUT SOURCE CURRENT TYPICAL ACCESS TIME CHANGE 

vs. TEMPERATURE vs. VOLTAGE vs. OUTPUT LOADING 



AMBIENT TEMPERATURE (°C) OUTPUT VOLTAGE (V) CAPACITANCE (pF) 


OUTPUT SINK CURRENT 
vs. OUTPUT VOLTAGE 



OUTPUT VOLTAGE (V) 
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Table 2. DC Programming Parameters Ta = 25°C 


Parameter 

Description 

Min. 

Max. 

Units 

Vpp 

Programming Voltage 

12.0 

13.0 

V 

Vccp 

Power Supply Voltage 
During Programming 

4.75 

5.25 

V 

Ipp 

Vpp Supply Current 


50 

mA 

VlHP 

Input High Voltage 
During Programming 

4.75 

5.25 

V 

VlLP 

Input Low Voltage 
During Programming 

-3.0 

0.4 

V 

VOH 

Output High Voltage 

2.4 


V 

VOL 

Output Low Voltage 


0.4 

V 


Table 3. AC Programming Parameters Ta = 25°C 


Parameter 

Description 

Min. 

Max. 

Units 

Tas 

Address Setup Time to PGM/VFY 

1.0 


JU.S 

Tah 

Address Hold Time from PGM/VFY 

1.0 


[AS 

Tds 

Data Setup Time to PGM 

1.0 


[AS 

Tdh 

Data Hold Time PGM 

1.0 


[AS 

Tpp 

Program Pulse Width 

0.2 

10 

ms 

Tr,f 

Vpp Rise and Fall Time 

100 


ns 

Tals 

Address Setup Time to Latch 

1.0 


[AS 

Talh 

Address Hold Time from Latch 

1.0 


[AS 

Tlp 

Latch Pulse Width 

1.0 


[AS 

Tdv 

Delay to Verify 

1.0 


[AS 

Tvd 

Verify to Data Out 


1.0 

[AS 

Tvh 

Data Hold Time from Verify 


1.0 

[AS 

Tvp 

Verify Pulse Width 

2.0 


[AS 

TdZ 

Verify to High Z 


1.0 

[AS 

TdP 

Delay to Function 

1.0 


[AS 

Thp 

Hold From Function 

1.0 


[AS 

Tp 

Power Up/Down 

20.0 


ms 


3-68 












































































CYPRESS 

SEMICONDUCTOR 


CY7C261 

CY7C263/CY7C264 


Ordering Information 


Speed 

Ordering 

Package 

Operating 

(ns) 

Code 

Type 

Range 

30 

CY7C261-30PC 

P13 

Commercial 


CY7C261-30WC 

W14 



CY7C263-30PC 

P13 



CY7C263-30WC 

W14 



CY7C264-30PC 

Pll 



CY7C264-30WC 

W12 



C Y7 C264-30DC 

D12 


35 

CY7C261-35PC 

P13 

Commercial 


CY7C261-35WC 

W14 



CY7C263-35PC 

P13 



CY7C263-35WC 

W14 



CY7C264-35PC 

Pll 



CY7C264-35WC 

W12 



CY7C264-35DC 

D12 



CY7C261-35WMB 

W14 

Military 


CY7C261-35DMB 

D14 



CY7C261-35LMB 

L64 



CY7C261-35QMB 

Q64 



CY7C263-35WMB 

W14 



CY7C263-35DMB 

D14 



CY7C263-35LMB 

L64 



CY7C263-35QMB 

Q64 



CY7C264-35DMB 

D12 



CY7C264-35WMB 

W12 


40 

CY7C261-40PC 

P13 

Commercial 


CY7C261-40WC 

W14 



CY7C263-40PC 

P13 



CY7C263-40WC 

W14 



CY7C264-40PC 

Pll 



CY7C264-40DC 

D12 



CY7C264-40WC 

W12 



Speed 

(ns) 

Ordering 

Code 

Package 

Type 

Operating 

Range 

45 

CY7C261-45PC 

P13 

Commercial 

CY7C261-45WC 

W14 

CY7C263-45PC 

P13 

CY7C263-45WC 

W14 

CY7C264-45PC 

Pll 

CY7C264-45DC 

D12 

CY7C264-45WC 

W12 

CY7C261-45WMB 

W14 

Military 

CY7C261-45DMB 

D14 

CY7C261-45LMB 

L64 

CY7C261-45QMB 

Q64 

CY7C263-45WMB 

W14 

CY7C263-45DMB 

D14 

CY7C263-45LMB 

L64 

CY7C263-45QMB 

Q64 

CY7C264-45DMB 

D12 

CY7C264-45WMB 

W12 

55 

CY7C261-55PC 

P13 

Commercial 

CY7C261-55WC 

W14 

CY7C263-55PC 

P13 

CY7C263-55WC 

W14 

CY7C264-55PC 

Pll 

CY7C264-55DC 

D12 

CY7C264-55WC 

W12 


CY7C261-55WMB 

W14 

Military 


CY7C261-55DMB 

D14 



CY7C261-55LMB 

L64 



CY7C261-55QMB 

Q64 



CY7C263-55WMB 

W14 



CY7C263-55DMB 

D14 



CY7C263-55LMB 

L64 



CY7C263-55QMB 

Q64 



CY7C264-55DMB 

D12 



CY7C264-55WMB 

W12 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 


Parameters 

Subgroups 

VoH 

1,2,3 

VOL 

1,2,3 

VlH 

1,2,3 

VlL 

1,2,3 

Iix 

1,2,3 

loz 

1,2,3 

Icc 

1,2,3 

ISB^ 

1,2,3 


CY7C261 

CY7C263/CY7C264 


Switching Characteristics 


Parameters 

Subgroups 

Iaa 

7,8,9,10,11 

tHZCSl [l] 

7,8,9,10,11 

tHZCS2* 2] 

7,8,9,10,11 

UCS1 [1] 

7,8,9,10,11 

tACS2 [2j 

7,8,9,10,11 


Notes: 

1. 7C263 and 7C264 only. 

2. 7C261 only. 

Document #: 38-00005-F 
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Features 

• CMOS for optimum speed/ 
power 

• High speed 

— 40 ns max set-up 

— 20 ns clock to output 

• Low power 

— 550 mW (commercial) 

— 660 mW (military) 

• On-chip edge-triggered registers 
— Ideal for pipelined 

microprogrammed systems 

• EPROM technology 

— 100% programmable 

— Reprogrammable (7C265W) 

• 5V ± 10% Vcc* commercial and 
military 

• Capable of withstanding greater 
than 2001V static discharge 


* Slim, 300 mil 28 pin plastic or 
hermetic DIP 

Functional Description 

The CY7C265 is a 64K Registered 
PROM. It is organized 8192 words by 
8 bits wide, and has a Pipeline Output 
Register. In addition, the device fea- 
tures a Programmable Initialize Byte 
which may be loaded into the Pipeline 
Register with the Initialize signal. The 
Programmable Initialize Byte is the 
8193rd byte in the PROM and its value 
is programmed at time of use. 

Packaged in 28 pins, the PROM has 13 
Address Signals (Ao through A 
Data Out Signals (Oo through O7), E/I, 
(Enable or Initialize) and CLOCK. 

CLOCK functions as a pipeline clock, 
loading the contents of the addressed 


memory location into the Pipeline Reg- 
ister on each rising edge. The data will 
appear on the Outputs if they are en- 
abled. One pin on the CY7C265 is pro- 
grammed to perform either the Enable 
or the Initialize function. 

If the asynchronous enable (E) is being 
used, the outputs may be disabled at 
any time by switching the enable to a 
logic HIGH, and may be returned to 
the active state by switching the enable 
to a logic LOW. 

If the synchronous enable (Es) is being 
used, the outputs will go to the OFF or 
high impedance state upon the next 
positive clock edge after the synchro- 
nous enable input is switched to a 
HIGH level. If the synchronous enable 
pin is switched to a logic LOW, the 
subsequent positive clock edge will 




3-71 













CY7C265 



Selection Guide 



7C265-40 

7C265-50 

7C265-60 

Maximum Set-Up Time (ns) 

40 

50 

60 

Maximum Clock to Output (ns) 

20 

25 

25 

Maximum Operating 
Current (mA) 

Commercial 

100 

80 

80 

Military 


120 

100 


Functional Description (Continued) 

return the output to the active state. Following a positive 
clock edge, the address and synchronous enable inputs are 
free to change since no change in the output will occur 
until the next low to high transition of the clock. This 
unique feature allows the CY7C265 decoders and sense 
amplifiers to access the next location while previously ad- 
dressed data remains stable on the outputs. 

If the E/I pin is used for INIT (asynchronous) then the 
outputs are permanently enabled. The initialize function is 
useful during power-up and time-out sequences and can 
facilitate implementation of other sophisticated functions 
such as a built-in “jump start” address. When activated the 
initialize control input causes the contents of a user pro- 
grammed 8193rd 8-bit word to be loaded into the on-chip 
register. Each bit is programmable and the initialize func- 
tion can be used to load any desired combination of “l”s 
and “0” s into the register. In the unprogrammed state, ac- 
tivating INIT will generate a register CLEAR (all outputs 
LOW). If all the bits of the initialize word are pro- 
grammed, activating INIT performs a register PRESET 
(all outputs HIGH). 

Applying a LOW to the INIT input causes an immediate 
load of the programmed initialize word i nto the pipeline 
register and onto the outputs. The INIT LOW disables 
clock and must return HIGH to enable CLOCK indepen- 
dent of all other inputs, including the clock. 


Maximum Ratings 

(Above which the useful life may be impaired. For user 


guidelines, not tested.) 

Storage Temperature — 65° C to + 150°C 

Ambient Temperature with 

Power Applied — 55°C to + 125°C 

Supply Voltage to Ground Potential .... —0.5V to + 7.0V 
DC Voltage Applied to Outputs 

in High Z State - 0.5V to + 7.0V 

DC Input Voltage - 3.0V to + 7.0V 

DC Program Voltage 13.0V 

Static Discharge Voltage > 2001V 

(per MIL-STD-883, Method 3015) 

Latchup Current > 200 mA 

UV Exposure 7258 Wsec/cm 2 

Operating Range 


Latchup Current > 200 mA 

UV Exposure 7258 Wsec/cm 2 

Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to 70°C 

5V ± 10% 

Military HI 

— 55°C to + 125°C 

5V ± 10% 


Electrical Characteristics Over the Operating Rangel 2 ! 


Parameters 

Description 

Test Conditions 

Commercial 

Military 

Units 

Min. 

Max. 

Min. 

Max. 

VoH 

Output HIGH Voltage 

Vqc = Min., Ioh = — 2 mA 

2.4 


2.4 


S9 

VOL 

Output LOW Voltage 

Vcc = Min., Iol = 12 mA 
(Iol = 8 mA for Military) 


0.4 


0.4 

u 

ViH 

Input HIGH Voltage 


2.0 


2.0 


V 

VlL 

Input LOW Voltage 



0.8 


0.8 

V 

Iix 

Input Load Current 

GND <; Vjn <; Vcc 


10 


10 

ju,A 

loz 

Output Leakage 

Current 

GND ^ Vout ^ Vcc 

Output Disabled 


40 


40 

juA 

Ios 

Output Short Circuit 
Current 

Vcc — Max., Vqut = GND 


90 


90 

mA 

Icc 

Vcc Operating Supply 
Current 

Vcc = Max. 
Iqut = 0 mA 

7C265-40 


100 



mA 

7C265-50 


80 


120 

7C265-60 


80 


100 
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Capacitance! 3 ] 


Parameters 

Description 

Test Conditions 

Max. 

Units 

ClN 

Input Capacitance 

T a = 25°C, f = 1 MHz 

Vcc = 5.0V 

5 

pF 

COUT 

Output Capacitance 

8 


Switching Characteristics Over the Operating Ranged 


Parameters 

Description 

7C265-40 

7C265-50 

7C265-60 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

tAS 

Address Set-Up to Clock 

40 


50 


60 


ns 

tHA 

Address Hold from Clock 

0 


0 


0 


ns 

tco 

Clock to Output Valid 


20 


25 


25 

ns 

tpw 

Clock Pulse Width 

15 


20 


20 


ns 

tSES 

ES Set-Up to Clock (Sync Enable Only) 

15 


15 


15 


ns 

tHES 

ES Hold from Clock 

5 


5 


5 


ns 

tDI 

Init to Out Valid 


25 


35 


35 

ns 

tRI 

Init Recovery to Clock 

20 


25 


25 


ns 

tpwi 

Init Pulse Width 

25 


35 


35 


ns 

tcos 

Output Valid from Clock (Sync. Mode) 


20 


25 


25 

ns 

tHZC 

Output Inactive from Clock (Sync. Mode) 


20 


25 


25 

ns 

tDOE 

Output Valid from E Low (Async. Mode) 


20 


25 


25 

ns 

tHZE 

Output Inactive from E High (Async. Mode) 


20 


25 


25 

ns 


Votes: 

I. Ta is the “instant on” case temperature. 3. Tested initially and after any design or process changes that may 

’. See the last page of this specification for Group A subgroup testing affect these parameters, 

information. 

\C Test Loads and Waveforms 


3UTPUT O- 


(500ft FOR MIL.) 


5 V O- 
OUTPUT O- 


R1 338U 
(500ft FORMIL)' 


\ V 

including! 
-Ljigand JL 


24811 

(333n FOR MIL.) 


Z Z 5 pF S 

including! 

— 1— JIG AND -L- 


248ft 

(333ft FOR MIL.) 


JIG AND 
- SCOPE 


ALL INPUT PULSES 
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143ft 

(200ft FOR MIL) 
AAA — 


OUTPUT O 


v (2.0V FOR MIL) 








































































































CY7C265 


Switching Waveforms 



Notes on Testing: 

Incoming test procedures on these devices should be carefully planned, 
taking into account the high performance and output drive capabilities of 
the parts. The following notes may be useful. 

1 . Ensure that adequate decoupling capacitance is employed across the 
device Vcc and ground terminals. Multiple capacitors are recom- 
mended, including a 0. 1 p,F or larger capacitor and a 0.01 p.F or 
smaller capacitor placed as close to the device terminals as possible. 
Inadequate decoupling may result in large variations of power supply 
voltage, creating erroneous function or transient performance failures. 

2. Do not leave any inputs disconnected (floating) during any tests. 


0126-7 

3. Do not attempt to perform threshold tests under AC conditions. 

Large amplitude, fast ground current transients normally occur as the 
device outputs discharge the load capacitances. These transients flow- 
ing through the parasitic inductance between the device ground pin 
and the test system ground can create significant reductions in observ- 
able input noise immunity. 

4. Output levels are measured at 1.5V reference levels. 

5. Transition is measured at steady state HIGH level —500 mV or 
steady state LOW level + 500 mV on the output from the 1.5 V level 
on inputs with load shown in Figure lb. 


Device Programming 

The CY7C265 utilizes an intelligent programming algo- 
rithm to assure consistent programming quality. These 
64K PROMs use a single ended memory cell design. In an 
unprogrammed state, the memory contains all “0”s. Dur- 
ing programming, a “1” on a data-in pin causes the ad- 
dressed location to be programmed, and a “0” causes the 
location to remain unprogrammed. 

Programming Pinout 

The Programming Pinout is shown in Figure 3. The pro- 
gramming mode is entered by putting 12.5V on the Vpp 
pin. The addressed locat ion is p rog ramm ed and verified 
with the application of a PGM and VFY pulse. Entering 
and exiting the programming mode should be done with 
care. Proper sequencing as described in the dialog on the 
programming algorithm and shown in the timing diagram 
and programming flow chart must be implemented. 

Programming and Blankcheck (Memory Bits) 

Blankcheck 

Blank check is accomplished by performing a verify cycle 
(VFY toggles on each address), sequencing through all 
memory address locations, where all the data read will be 
“0”s. (Refer to mode table for pin states) 


Programming Algorithm 

Programming is accomplished with an intelligent algo- 
rithm. The sequence of operations is to enter the program- 
ming mode by placing 12.5V on Vpp. This should be done 
after a minimum delay from power up, and be removed 
prior to power down by the same delay (see the timing 
diagram and AC specifications for details). Once in this 
mode, programming is accomplished by addressing a loca- 
tion as described above, placing the data to be pr ogram med 
into a location on the data pins, and clocking the PGM 
signal from Vihp to Vilp and back to Vihp with a pulse 
width of 200 jas. The data is removed from the data pins 
and the c ontent of the location is then verified by taking 
the VFY signal from Vihp to Vilp, com paring the output 
with the desired data and then returning VFY to Vihp. If 
the contents are correct, a second overprogram pulse of 4 
times the original 200 juls is delivered with the data to be 
programmed again on the data pins. If t he dat a is not cor- 
rect, a second 200 p-s pulse is applied to PGM with the 
data to be programmed on the data pins. The compare and 
overprogram operation is repeated with an overprogram 
pulse width 4 times the sum of the initial program pulses. 
This operation is continued until the location is pro- 
grammed or 10 initial program pulses have been attempted 
If on the 10th attempt, the location fails to verify, an over- 
program pulse of 8 ms is applied, and the content of the 
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Programming and Blankcheck (Memory Bits) (Continued) 


a 7 C 

1 

-X7- 

28 

a 6 C 

2 


27 

a 5 C 

3 


26 

a 4 C 

4 


25 

a 3 C 

5 


24 


6 


23 

PGMC 

7 

7C265 

22 

CLOCK C 

8 


21 

A ,C 

9 


20 

a 0 C 

10 


19 

D 0 C 

11 


18 

D,C 

12 


17 

d 2 C 

13 


16 

< 

</) 

(/) 

d 

14 


15 


P v cc 
k 8 
k 9 

P A 10 

b An 
k 12 
Vp 


Figure 3. 7C265 Programming Pinout 


location is once more verified. If the location still fails to 
verify, the device is rejected. Once a location verifies suc- 
cessfully, the address is advanced to the next location, and 
the process is repeated until all locations are programmed. 

After all locations are programmed, they should be verified 
at VccP = 5.0 V. 

Programming Algorithm for the Architecture 

The CY7C265 offers a limited selection of programmed 
architecture. Programming these features should be done 


with a single 10 ms wide pulse in place of the intelligent 
algorithm mainly bec ause t hese features are verified opera- 
tionally, not with the VFY pin. Architecture programming 
is implemented by applying the supervoltage to two addi- 
tional pins during programming. In programming the 
7C265 architecture Vpp is applied to pins 3, 9 and 22. 
Specific choice of a particular mode will depend on the 
states of the other pins during programming so it is impor- 
tant that the condition of the other pins be met as set forth 
in the mode table. The same considerations with respect to 
power up and power down apply during architecture pro- 
gramming as during intelligent programming. Once the su- 
pervoltages have been established and the correct logic 
states exist on the other device pins, programmi ng may 
begin. Programming is accomplished by pulling PGM from 
HIGH to LOW and then back to HIGH with a pulse width 
equal to 10 ms. 

To check whether a 7C265 has been programmed as output 
enable or initialize enable, pin 22 (E/I) should be pulled 
LOW followed by a LOW to HIGH transition on pin 8 
(CLOCK). The data read at the outputs is stored and com- 
plement data is shifted into the shadow register. A shift 
from shadow to pipeline is performed and the CLOCK is 
again pulled from LOW to HIGH. At this point, if the new 
data read is data-complement, the device has been pro- 
grammed as Output enable while if the new data read-true 
then the device is programmed as Initialize enable. The 
configuration of the Initialize byte can be read directly by 
pulling E/I from HIGH to LOW. 


Mode Table 


Mode Select 

.... 

P2 

A6 

P3 

A5 

P26 

A9 

P6 

A2 

P7 

PGM 

P8 

CLK 

P9 

A1 

P10 

A0 

P20 

VFY 

P24 

All 

P22 

E/I 

Vpp 


Normal Read 

A6 

A5 

A9 

A2 

L 

L/H 

A1 

A0 

HIZ 

All 

H/L 

A12 

Program (Memory) 

A6 

A5 

A9 

A2 

L 

L 

A1 

A0 

H 

All 

Vpp 

A12 

Program Verify 

A6 

A5 

A9 

A2 

H 

L 

A1 

A0 

L 

All 

Vpp 

A12 

Program Inhibit 

A6 

A5 

A9 

A2 

H 

L 

A1 

A0 

H 

All 

Vpp 

A12 

Async. Enable Read 

A6 

A5 

A9 

A2 

L 

L 

A1 

A0 

HIZ 

All 

L 

A12 

Sync. Enable Read 

A6 

A5 

A9 

A2 

L 


A1 

A0 

HIZ 

All 

L 

A12 

Async. Init. Read 

A6 

A5 

A9 

A2 

L 

L 

A1 

A0 

HIZ 

All 

L 

A12 

Program Sync. Enable! ll 

H 

Vpp 

A9 

H 

L 

L 

Vpp 

L 

H 

H 

Vpp 

H 

Program Initialize ^ 

H 

Vpp 

A9 

L 

L 

L 

Vpp 


H 

H 

Vpp 

L 

Program Initial Byte 

H 

Vpp 

A9 

L 

L 

L 

Vpp 

H 

H 

L 

Vpp 

A12 


Notes: 

1. Default is Async. Enable. 

2. Default is Enable. 
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DC Programming Parameters Ta = 25°c 


Parameter 

Description 

Min. 

Max. 

Units 

Vpp 

Programming Voltage 

12.0 

13.0 

V 

Vccp 

Power Supply Voltage During Programming 

4.75 

5.25 

V 

Ipp 

Vpp Supply Current 


50 

mA 

Vihp 

Input High Voltage During Programming 

3.0 


V 

Vilp 

Input Low Voltage During Programming 

-3.0 

0.4 

V 

Voh 

Output High Voltage 

2.4 


V 

Vql 

Output Low Voltage 


0.4 

V 


AC Programming Parameters T A = 25°C 


Parameter 

Description 

Min. 

Max. 

Units 

tpp 

Program Pulse Width (Per Byte) 


10.0 

ms 

tAS 

Address Set-Up Time 

1.0 


JUS 

tAH 

Address Hold Time 

1.0 


[is 

tDH 

Data Hold Time 

1.0 


juts 

tDS 

Data Set-Up Time 

1.0 


[is 

tR,F 

Vpp Rise and Fall Time 

1.0 


[IS 

tDV 

Delay to Verify 

1.0 


juts 

tVD 

Verify to Data Out 


1.0 

juts 

tVH 

Data Hold Time from Verify 


1.0 

juts 

tvp 

Verify Pulse Width 

2.0 


[IS 

tDZ 

Verify to High Z 


1.0 

[IS 


Erasure Characteristics 

Wavelengths of light less than 4000 Angstroms begin to 
erase the CY7C265 in the windowed package. For this rea- 
son, an opaque label should be placed over the window if 
the PROM is exposed to sunlight or fluorescent lighting 
for extended periods of time. 

The recommended dose of ultraviolet light for erasure is a 
wavelength of 2537 Angstroms for a minimum dose (UV 


intensity X exposure time) or 25 Wsec/cm 2 . For an ultra- 
violet lamp with a 12 mW/cm 2 power rating the exposure 
time would be approximately 45 minutes. The CY7C265 
needs to be within 1 inch of the lamp during erasure. Per- 
manent damage may result if the PROM is exposed to high 
intensity UV light for an extended period of time. 7258 
Wsec/cm 2 is the recommended maximum dosage. 


Bit Map Data 


Programmer Address 

RAM Data 

Decimal 

Hex 

Contents 

0 

0 

DATA 

• 

m 

• 

• 

• 

• 

• 

• 

• 

8191 

1FFF 

DATA 

8192 

2000 

INIT BYTE 

8193 

2001 

CONTROL BYTE 


Control Byte 

00 Asynchronous output enable (default condition) 

01 Synchronous output enable 

02 Asynchronous initialize 
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Typical DC and AC Characteristics 


NORMALIZED SUPPLY 
CURRENT vs. SUPPLY 



4.0 4.5 5.0 5.5 6.0 


SUPPLY VOLTAGE (V) 


OUTPUT SOURCE 



0.0 1.0 2.0 3.0 4.0 


OUTPUT VOLTAGE (V) 


NORMALIZED SUPPLY 
CURRENT vs. AMBIENT 



-55 25 125 


NORMALIZED ACCESS TIME 



-55 25 125 


AMBIENT TEMPERATURE (°C) 


AMBIENT TEMPERATURE (°C) 


TYPICAL ACCESS TIME 
CHANGE vs. OUTPUT 
LOADING 



— 

0 200 400 600 800 1000 


OUTPUT SINK CURRENT 



0.0 1.0 2.0 3.0 4.0 


CAPACITANCE (pF) 


OUTPUT VOLTAGE (V) 

0126-12 


Ordering Information 


Speed 

(ns) 

Icc 

(mA) 

Ordering 

Code 

Package 

Type 

Operating 

Range 

40 

100 

CY7C265-40PC 

P21 

Commercial 

CY7C265-40DC 

D22 

CY7C265-40WC 

W22 

50 

80 

CY7C265-50PC 

P21 

CY7C265-50DC 

D22 

CY7C265-50WC 

W22 

120 

CY7C265-50DMB 

D22 

Military 

CY7C265-50WMB 

W22 

CY7C265-50LMB 

L64 

CY7C265-50QMB 

Q64 


Speed 

(ns) 

Icc 

(mA) 

Ordering 

Code 

Package 

Type 

Operating 

Range 

60 

80 

CY7C265-60PC 

P21 

Commercial 



CY7C265-60DC 

D22 




CY7C265-60WC 

W22 



100 

CY7C265-60DMB 

D22 

Military 



CY7C265-60WMB 

W22 




CY7C265-60LMB 

L64 




CY7C265-60QMB 

Q64 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 

Subgroups 

VOH 

1,2,3 

VOL 

1,2,3 

VlH 

1,2,3 

ViL 

1,2,3 

Iix 

1,2,3 

loz 

1,2,3 

Icc 

1,2,3 

ISB 

1,2,3 


Switching Characteristics 


Parameters 

Subgroups 

tAS 

7,8,9,10,11 

tHA 

7,8,9,10,11 

tco 

7,8,9,10,11 

tpw 

7,8,9,10,11 

tSES 

7,8,9,10,11 

tHES 

7,8,9,10,11 

tcos 

7,8,9,10,11 
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Features 


8192 x 8 PROM 
Power Switched and 
Reprogrammable 


• CMOS for optimum 
speed/power 

• Windowed for reprogrammability 

• High speed 

— 55 ns (commercial) 

— 55 ns (military) 

• Low power 

— 440 mW (commercial) 

— 495 mW (military) 

• Super low standby power 
— Less than 85 mW when 

deselected 

• EPROM technology 100% 
programmable 

• 5V ± 10% Vco commercial and 
military 

• TTL compatible I/O 


• Direct replacement for 
EPROMs 

• Capable of withstanding > 2000V 
static discharge 

Product Characteristics 

The CY7C266 is a high performance 
8192 word by 8 bit CMOS PROM. 
When deselected, the 7C266 automati- 
cally powers down into a low power 
stand-by mode. It is packaged in the 
600 mil wide package. The reprogram- 
mable CERDIP packages are equipped 
with an erasure window; when exposed 
to UV light, these PROMs are erased 
and can then be reprogrammed. The 
memory cells utilize proven EPROM 
floating gate technology and byte-wide 
intelligent programming algorithms. 


The CY7C266 is a plug-in replacement 
for EPROM devices. The EPROM cell 
requires only 12.5V for the supervolt- 
age and low current requirements allow 
for gang programming. The EPROM 
cells allow for each memory location to 
be tested 100%, as each location is 
written into, erased, and repeatedly ex- 
ercised prior to encapsulation. Each 
PROM is also tested for AC perform- 
ance to guarantee that after customer 
programming the product will meet 
DC and AC specification limits. 

Reading is accomplished by placing an 
active LOW signal on OE and CE. The 
contents of the memory location ad- 
dressed by the address lines (A0-A12) 
will become available on the output 
lines (O0-O7). 


Logic Block Diagram 


Pin Configurations 
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7C266-55 

Maximum Access Time (ns) 

55 

Maximum Operating 

Current (mA) 

Commercial 

80 

Military 

90 

Standby Current (mA) 

Commercial 

15 

Military 

15 
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Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature — 65°Cto + 150°C 

Ambient Temperature with 

Power Applied — 55°C to + 125°C 

Supply Voltage to Ground Potential 

(Pin 28 to Pin 14) -0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State —0.5V to + 7.0V 

DC Input Voltage - 3.0V to + 7.0V 

DC Program Voltage 14.0V 


Static Discharge Voltage > 2001V 

(per MIL-STD-883, Method 3015) 

Latchup Current > 200 mA 

UV Exposure 7258 Wsec/cm 2 

Operating Range 


Range 

Ambient 

Temperature 

v cc 

Commercial 

0°C to + 70°C 

5V ± 10% 

Military I 5 ! 

— 55°C to + 125°C 

5V ± 10% 


Electrical Characteristics Over the Operating Ranged! 


Parameters 

Description 

Test Conditions 

7C266-55 

Units 

Min, 

Max. 

VoH 

Output HIGH Voltage 

Vcc — Min., Ioh = —4.0 mA 

1 9 


V 

VOL 

Output LOW Voltage 

Vcc = Min., Iol = 16.0 mA 


0.4 

V 

VlH 

Input HIGH Level HI 


2.0 


V 

VlL 

Input LOW Level! ll 



0.8 

V 

Iix 

Input Current 

GND ^ Vin ^ Vcc 

-10 

+ 10 

fiA 

VCD 

Input Diode Clamp 
Voltage 


Note 2 


loz 

Output Leakage Current 

Vol ^ VoUT ^ V OH> Output Disabled 

-10 

+ 10 

/jlA 

los 

Output Short 

Circuit Current [31 

V C C = Max., VquT = GND 

-20 

-90 

mA 

Icci 

Power Supply 

Current ! 8 ! 

CMOS Inputs: GND ±0.3V or 

V CC ±0.3V 

Commercial 


20 

mA 

Military 


30 

mA 

!cc 2 

Power Supply 

Current M 

TTL Inputs 

Vil ^ 0.8V, V m ^ 2.0V 

Commercial 


25 

mA 

Military 


35 

mA 

ISBi 

Standby Supply 

Current! 7 ! 

CE = V C c + 0.3V 

CMOS Inputs (GND or V c c) ± 0.3V 

Commercial 


15 

mA 

Military 


15 

mA 

!SB 2 

Standby Supply 

Current! 7 ! 

TTL Inputs 

Vil ^ 0.8V, Vih 2> 2.0V 

Commercial 


15 

mA 

Military 


15 

mA 


Capacitance M 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Qn 

Input Capacitance 

T a = 25°C, f = 1 MHz 

Vcc = 5.0V 

5 

pF 

Cqut 

Output Capacitance 

8 


Notes: 

1. These are absolute voltages with respect to device ground pin and 
include all overshoots due to system and/or tester noise. Do not at- 
tempt to test these values without suitable equipment. 

2. The CMOS process does not provide a clamp diode. However, the 
CY7C266 is insensitive to — 3V dc input levels and — 5V undershoot 
pulses of less than 10 ns (measured at 50% point). 

3. For test purposes, not more than one output at a time should be 
shorted. Short circuit test duration should not exceed 30 seconds. 


4. Tested initially and after any design or process changes that may 
affect these parameters. 

5. Ta is the “instant on” case temperature. 

6. See the last page of this specification for Group A subgroup testing 
information. 

7. AC power component add 1 mA/MHz, Vcc = max, Iout = 0. 

8. AC power component add 3 mA/MHz, Vcc = max, Iqut = 0. 
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PRELIMINARY CY7C266 


Switching Characteristics Over the Operating Ranged, 6, 9] 


Parameters 

Description 

7C266-55 

Units 

Min. 

Max. 

tAA 

Address to Output Valid 


55 

ns 

tHZCE 

Chip Enable Inactive to High Zt 10 l 


55 

ns 

tHZOE 

Output Enable Inactive to High Zl 10 l 


20 

ns 

tAOE 

Output Enable Active to Output Valid 


20 

ns 

tACE 

Chip Enable Active to Output Valid 


55 

ns 

tOHA 

Data Hold from Address Change 

3 


ns 


AC Test Loads and Waveforms 

R1 2500. 


5V O 
OUTPUT O 



5V O 
OUTPUT O 


R1 2500, 

— \W — i 


1 


INCLUDING 
JIG AND 
SCOPE ~ 


R2 

1670 INCLUDING 
JIG AND 

SCOPE ■=• ~ 


r i { 


R2 

1670 


Figure la 


Figure lb 


Equivalent to: THEVENIN EQUIVALENT 

1000 


OUTPUT - 


2.0 V 



Figure 2. Input Pulses 


Vqc 

SUPPLY 

CURRENT 


POWER DOWN CONTROLLED BY CE 

\ / 


A 0“ A 12 "" S 

ADDRESS > 

( 

CE, 0E 

/ 

' ) 

V 

*0HA 


*AA — 


^ZCE , 

1 Woe 

— NOTE 8 

— NOTE 8 

*ACE t 

*A0E 


o 

O 

O 

"j 


c : 

d 

< 

i 





Notes: 

9. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5 V, output loading of the specified Iol/Toh and 
loads shown in Figure la, lb. 

Erasure Characteristics 


0137-7 

10. tnzcs is tested with load shown in Figure lb. Transition is measured 
at steady state High level — 500 mV or steady state Low level + 500 
mV on the output from the 1.5V level on the input. 


Wavelengths of light less than 4000 Angstroms begin to 
erase the devices in the windowed package. For this reason, 
an opaque label should be placed over the window if the 
EPROM is exposed to sunlight or fluorescent lighting for 
extended periods of time. 

The recommended dose of ultraviolet light for erasure is a 
wavelength of 2537 Angstroms for a minimum dose (UV 


intensity X exposure time) or 25 Wsec/cm 2 . For an ultra- 
violet lamp with a 12 mW/cm 2 power rating the exposure 
time would be approximately 45 minutes. The 7C266 needs 
to be within 1 inch of the lamp during erasure. Permanent 
damage may result if the EPROM is exposed to high inten- 
sity UV light for an extended period of time. 

7258W X sec/cm 2 is the recommended maximum dosage. 






























PRELIMINARY CY7C266 



Ordering Information 


Speed 

(ns) 

Ordering 

Code 

Package 

Type 

Operating 

Range 

55 

CY7C266-55PC 

P15 

Commercial 

CY7C266-55WC 

W16 

CY7C266-55DC 

D16 


CY7C266-55WMB 

W16 

Military 


CY7C266-55DMB 

D16 



CY7C266-55LMB 

L55 



CY7C266-55QMB 

Q55 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 

Subgroups 

VoH 

1,2,3 

VOL 

1,2,3 

VlH 

1,2,3 

Vil 

1,2,3 

Iix 

1,2,3 

loz 

1,2,3 

Icc 

1,2,3 

ISB 

1,2,3 


PRELIMINARY 


Switching Characteristics 


Parameters 

Subgroups 

tAA 

7,8,9,10,11 

tHZOE 

7,8,9,10,11 

tHZCE 

7,8,9,10,11 

tAOE 

7,8,9,10,11 

tACE 

7,8,9,10,11 


Document #: 3 8-0008 6-C 


CY7C266 


3 
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CY7C268 

CY7C269 


SEMICONDUCTOR 


64K Registered 
Diagnostic PROM 


Features 

• CMOS for optimum speed/ 
power 

• High speed 

— 40 ns max set-up 

— 20 ns clock to output 

• Low power 

— 550 mW (commercial) 

— 660 mW (military) 

• On-chip edge-triggered registers 
— Ideal for pipelined 

microprogrammed systems 

• On-chip diagnostic shift register 
— For serial observability and 

controllability of the output 
register 

• EPROM technology 

— 100% programmable 

— Reprogrammable (7C269W) 

• 5V + 10% Vcc* commercial and 
military 

• Capable of withstanding greater 
than 2001V static discharge 

• Slim, 300 mil 28 pin plastic or 
hermetic DIP (7C269) 


Functional Description 

The CY7C268 and CY7C269 are 64K 
Registered Diagnostic PROMs. They 
are both organized 8192 words by 8 
bits wide, and have both a Pipeline 
Output Register and an Onboard Diag- 
nostic Shift Register. In addition, both 
devices feature a Programmable Initial- 
ize Byte which may be loaded into the 
Pipeline Register with the Initialize sig- 
nal. The Programmable Initialize Byte 
is the 8193rd byte in the PROM and its 
value is programmed at time of use. 

The 7C268 has 32 pins and features full 
diagnostic capabilities while the 7C269 
provides limited diagnostics and is 
available in a space efficient 28 pin 
package. This allows the designer to 
optimize his design for either board 
area efficiency with the 7C269, or com- 
bine the 7C268 with other diagnostic 
products with the standard interface. 

CY7C268: The 7C268 provides 13 ad- 
dress signals (Ao through A 1 2), 8 d ata 
out signals (Oo through O7), EN A (en- 
able), PCLK (pipeline clock) and INIT 
(initialize) for control. The full stan- 


dard featured diagnostics of the 7C268 
utilizes the SI and SO (shift in and shift 
out), MODE and DCLK signals. These 
signals allow serial data to be shifted 
into and out of the Diagnostic Shift 
Register at the same time the Pipeline 
Register is used for normal operation. 
The MODE signal is used to control 
the transfer of the information in the 
Diagnostic Register to the Pipeline 
Register or the data on the Output Bus 
into the Diagnostic Register. The data 
on the Output Bus may be provided 
from the Pipeline Register or an exter- 
nal source. 

When the MODE signal is LOW, the 
PROM operates in a normal pipeline 
mode. The contents of the addressed 
memory location is loaded into the 
Pipeline Register on the rising edge of 
PC LK. T he outputs are enabled with 
the ENA signal either synchronously 
or asynchronously, depending on how 
the device is configured when pro- 
grammed. If pro gramm ed for asyn- 
chronous enable, ENA LOW enables 



3-86 










Selection Guide 


CY7C268 
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7C268/9-40 

7C268/9-50 

7C268/9-60 

Maximum Set-up Time (ns) 

40 

50 

60 

Maximum Clock to Output (ns) 

20 

25 

25 

Maximum Operating 
Current (mA) 

Commercial 

100 

80 

80 

Military 


120 

100 


Functional Description (Continued) 

the outputs. If configured for synchronous enable, ENA 
LOW during the rising edge of P CLK will enable the out- 
puts synchronously with PCLK. ENA HIGH during the 
rising edge of PCLK will synchronously disab le the out- 
puts. The asynchronous Initialize signal INIT transfers the 
Initialize Byte in to the Pipeline Register on a HIGH to 
LOW transition. INIT LOW disables PCLK and needs to 
transition back to a HIGH in order to enable PCLK. 
DCLK shifts data into SI and out of SO on each rising 
edge. 

When MODE is HIGH, the rising edge of the PCLK sig- 
nal loads the Pipeline Register with the contents of the 
Diagnostic Register. Similarly, DCLK, in this mode, loads 
the Diagnostic Register with the information on the Data 
Output Pins. The information loaded will be either the con- 
tents of the Pipeline Register if the outputs are enabled, or 
data on the bus, if the outputs are disabled (in a high im- 
pedance state). 

CY7C269: This product is optimized for applications that 
require diagnostics in a minimum amount of board area. 

Packaged in 28 pins, the PROM has 13 Address Signals 

(Ao through A 12), 8 Data Out Signals (Oq through O7), E/I, 
(Enable or Initialize) and CLOCK (pipeline and diagnostic 
clock). Additional diagnostic signals consist of MODE, SI 
(shift in) and SO (shift out). Normal pipelined operation 
and Diagnostic operation are mutually exclusive. 

When the MODE signal is LOW, the 7C269 operates in a 
normal pipelined mode. CLOCK functions as a pipeline 
clock, loading the contents of the addressed memory loca- 
tion into the Pipeline Register on each rising edge. The 
data will appear on the Outputs if they are enabled. One 
pin on the 7C269 is programmed to perform either the 


Enabl e or the Initialize function. If the E/I pin is used for a 
INIT (Asynchronous Initialize) function, the outputs are 
permanently enabled and the Initialize Word is loaded into 
the Pipeline Register on a High to LOW transition of the 
INIT signal. The INIT LOW disables CLOCK and must 
return high to re-enable CLOCK. If the E/I pin is used for 
an enable signal, it may be programmed for either synchro- 
nous or asynchronous operation. This enable function then 
operates exactly the same as the 7C268. 

When the MODE signal is HIGH, the 7C269 operates in 
the diagnostic mode. The E/I signal becomes a secondary 
mode signal designating whether to shift the Diagnostic 
Shift Register or to load either the Diagnostic Register or 
the Pipeline Register. If E/I is HIGH, CLOCK performs 
the function of DCLK, shifting SI into the least significant 
location of the Diagnostic Register and all bits one location 
toward the most significant location on each rising edge. 
The contents of the most significant location in the Diag- 
nostic Register are available on the SO pin. 

If the E/I signal is LOW, SI becomes a direction signal; 
transferring the contents of the Diagnostic Register into 
the Pipeline Register when SI is LOW. When SI is HIGH, 
the contents of the Output pins are transferred into the 
Diagnostic Register. Both transfers occur on a LOW to 
HIGH transition of the CLOCK. If the Outputs are en- 
abled, the contents of the Pipeline Register are transferred 
into the Diagnostic Register. If the Outputs are disabled, 
an external source of data may be loaded into the Diagnos- 
tic Register. In this condition, the SO signal is internally 
driven to be the same as the SI signal thus propagating the 
“direction of transfer information” to the next device in the 
string. 
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Maximum Ratings 


(Above which the useful life may be impaired. For user guidelines, not tested.) 

Storage Temperature — 65°C to + 1 50°C Static Discharge Voltage 

Ambient Temperature with 


Power Applied — 55°C to + 125°C 

Supply Voltage to Ground Potential .... —0.5V to + 7.0V 
DC Voltage Applied to Outputs 

in High Z State —0.5V to + 7.0V 

DC Input Voltage — 3.0V to + 7.0V 

DC Program Voltage 13.0V 


> 2001V 

(per MIL-STD-883, Method 3015) 

Latchup Current > 200 mA 


UV Exposure 7258 Wsec/c 

Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to 70°C 

5V ± 10% 

Military HI 

— 55°C to + 125°C 

5V ± 10% 


Electrical Characteristics Over the Operating Rangel 2 ! 


Parameters 

Description 

Test Conditions 

Commercial 

Military 

Units 

Min. 

Max. 

Min. 

Max. 

VOH 

Output HIGH Voltage 

Vcc = Min., Ioh — — 2 mA 

2.4 


2.4 


V 

VOL 

Output LOW Voltage 

Vcc = Min., Iol = 12 mA 
(Iol — 8 mA for Military) 


0.4 


0.4 

V 

VlH 

Input HIGH Voltage 


2.0 


2.0 


V 

VlL 

Input LOW Voltage 



0.8 


0.8 

V 

iix 

Input Load Current 

gnd <; Vin <; Vcc 


10 


10 

ju,A 

loz 

Output Leakage 

Current 

GND < VoUT ^ Vcc 

Output Disabled 


40 

| 

40 

fiA 

los 

Output Short Circuit 
Current 

Vcc = Max., Vqut = GND 


90 


90 

mA 

Icc 

Vcc Operating Supply 
Current 

Vcc = Max. 
Iqut = 0 mA 

7C268/9-40 


100 



mA 

7C268/9-50 


80 


120 

7C268/9-60 


80 


100 


Capacitance t 3 ] 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Cin 

Input Capacitance 

T a = 25°C, f = 1 MHz 

V CC = 5.0V 

5 

pF 

CqUT 

Output Capacitance 

8 


Switching Characteristics Over the Operating Range! 2 ! 


Parameters 

Description 

7C268-40 

7C269-40 

7C268-50 

7C269-50 

7C268-60 

7C269-60 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

tAS 

Address Set-Up to Clock 

40 


50 


60 


ns 

tHA 

Address Hold from Clock 

0 


0 


0 


ns 

tco 

Clock to Output Valid 


20 


25 


25 

ns 

tpw 

Clock Pulse Width 

15 


20 


20 


ns 

tSES 

Es Set-Up to Clock (Sync Enable Only) 

15 


15 


15 


ns 

tHES 

Es Hold from Clock 

5 


5 


5 


ns 

tDI 

INIT to Out Valid 


25 


35 


35 

ns 

tRI 

INIT Recovery to Clock 

20 


25 


25 


ns 
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CY7C269 


Switching Characteristics Over the Operating Range [3] (Continued) 


Parameters 

Description 

7C268-40 

7C269-40 

7C268-50 

7C269-50 

7C268-60 

7C269-60 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

tpwi 

Init Pulse Width 

25 


35 


35 


ns 

tcos 

Output Valid from Clock (Sync. Mode) 


20 


25 


25 

ns 

tHZC 

Output Inactive from Clock (Sync. Mode) 


20 


25 


25 

ns 

tDOE 

Output Valid from E Low (Async. Mode) 




25 


25 

ns 

tHZE 

Output Inactive from E High (Async. Mode) 


20 


25 


25 

ns 


Diagnostic Mode Switching Characteristics Over the Operating Ranged 


Parameters 

Description 

Commercial 

Military 

Units 

Min. 

Max. 

Min. 

Max. 

tSSDI 

Set-Up SDI to Clock 

30 


35 


ns 

tHSDI 

SDI Hold from Clock 

0 


0 


ns 

tDSDO 

SDO Delay from Clock 


30 


40 

ns 

tDCL 

Minimum Clock Low 

25 


25 


ns 

tDCH 

Minimum Clock High 

25 


25 


ns 

tSM 

Set-Up to Mode Change 

25 


30 


ns 

tHM 

Hold from Mode Change (7C269) 

0 


0 


ns 

tMS 

Mode to SDO 


25 


30 

ns 

tss 

SDI to SDO 


40 


45 

ns 

tso 

Data Set-Up to DCLK 

25 


30 


ns 

tHO 

Data Hold from DCLK 

10 


15 


ns 


Notes: 

1. Ta is the “instant on” case temperature. 3. Tested initially and after any design or process changes that may 

2. See the last page of this specification for Group A subgroup testing affect these parameters, 

information. 

AC Test Loads and Waveforms 


5 V O- 


R1 338 n 
(SOOn TORMIL) * 


OUTPUT O- 


5 V O- 
OUTPUT O- 


(Soon FOR MIL) 


I -*-50pF >; 

including] 
JIG AND _L 


24«n 

(3330 FOR MIL) 


_ JIG AND 
- SCOPE 


ALUNPUT PULSES 


T 5pF < 

including] 

— 1— JIG AND 


2480 

(3330 FOR MIL) 




— *55 ns 
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1430 

(2000 FOR MIL) ..... 

OUTPUT O O (2.0V FOR MIL) 
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Switching Waveforms 7C268, 7C269 


Pipeline Operation (Mode = 0) 


ADDRESS 

SYNCHRONOUS ENABLE 
(PROGRAMMABLE) 

PCLK/ CLOCK (7C269) 

OUTPUT 

ASYNCHRONOUS INIT. 
(7C269 PROGRAMMABLE) 

ASYNCHRONOUS 

ENABLE 



Notes on Testing: 

Incoming test procedures on these devices should be carefully planned, 
taking into account the high performance and output drive capabilities of 
the parts. The following notes may be useful. 

1. Ensure that adequate decoupling capacitance is employed across the 
device Vcc and ground terminals. Multiple capacitors are recom- 
mended, including a 0.1 ju,F or larger capacitor and a 0.01 juF or 
smaller capacitor placed as close to the device terminals as possible. 
Inadequate decoupling may result in large variations of power supply 
voltage, creating erroneous function or transient performance failures. 

2. Do not leave any inputs disconnected (floating) during any tests. 


0112-9 

3. Do not attempt to perform threshold tests under AC conditions. 

Large amplitude, fast ground current transients normally occur as the 
device outputs discharge the load capacitances. These transients flow- 
ing through the parasitic inductance between the device ground pin 
and the test system ground can create significant reductions in observ- 
able input noise immunity. 

4. Output levels are measured at 1.5V reference levels. 

5. Transition is measured at steady state HIGH level — 500 mV or 
steady state LOW level + 500 mV on the output from the 1.5V level 
on inputs with load shown in Figure lb. 
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Switching Waveforms (Continued) 

7C269 Diagnostic Application (Shifting the Shadow Register) 
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7C269 Diagnostic Application (Parallel Data Transfer) 


Notes: 



6. Asynchronous enable mode only. 


Device Programming 


7. The mode transition to HIGH latches the asynchronous enable state. 
If the enable state is changed and held before leaving the diagnostic 
mode (mode H — * L) then the output impedance change delay is 
*MS- 

Programming Pinout 


The CY7C268 and CY7C269 program identically. They 
utilize an intelligent programming algorithm to assure con- 
sistent programming quality. These 64K PROMS use a 
single ended memory cell design. In an unprogrammed 
state, the memory contains all “0”s. During programming, 
i “1” on a data-in pin causes the addressed location to be 
programmed, and a “0” causes the location to remain un- 
programmed. 


The Programming Pinout of both devices is shown in Fig- 
ures 3a and 3b. The programming mode is entered by put- 
ting 12.5V on the Vpp pin. The addressed locat ion is p ro- 
gram med and verified with the application of a PGM and 
VFY pulse. Entering and exiting the programming mode 
should be done with care. Proper sequencing as described 
in the dialog on the programming algorithm and shown in 
the timing diagram and programming flow chart must be 
implemented. 
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0112-13 


Figure 3a. 7C268 Programming Pinout 


Programming and Blankcheck (Memory Bits) 

Blankcheck 

Blank check is accomplished by performing a verify cycle 
(VFY toggles on each address), sequencing through all 
memory address locations, where all the data read will be 
“0”s. (Refer to mode table for pin states) 

Programming Algorithm 

Programming is accomplished with an intelligent algo- 
rithm. The sequence of operations is to enter the program- 
ming mode by placing 12.5V on Vpp. This should be done 
after a minimum delay from power up, and be removed 
prior to power down by the same delay (see the timing 
diagram and AC specifications for details). Once in this 
mode, programming is accomplished by addressing a loca- 
tion as described above, placing the data to be pr ogram med 
into a location on the data pins, and clocking the PGM 
signal from Vjhp to Vilp and back to Vihp with a pulse 
width of 200 ps. The data is removed from the data pins 
and the c ontent of the location is then verified by taking 
the VFY signal from Vihp to Vilp, com paring the output 
with the desired data and then returning VFY to Vihp- If 
the contents are correct, a second overprogram pulse of 4 
times the original 200 jas is delivered with the data to be 
programmed again on the data pins. If t he dat a is not cor- 
rect, a second 200 fxs pulse is applied to PGM with the 
data to be programmed on the data pins. The compare and 
overprogram operation is repeated with an overprogram 
pulse width 4 times the sum of the initial program pulses. 
This operation is continued until the location is pro- 
grammed or 10 initial program pulses have been attempted. 
If on the 10th attempt, the location fails to verify, an over- 
program pulse of 8 ms is applied, and the content of the 
location is once more verified. If the location still fails to 
verify, the device is rejected. Once a location verifies suc- 
cessfully, the address is advanced to the next location, and 
the process is repeated until all locations are programmed. 


After all locations are programmed, they should be verified 
at Vccp = 5.0V. 

Programming Algorithm for the Architecture 

Both the 7C268 and 7C269 offer a limited selection of pro- 
grammed architecture. Programming these features should 
be done with a single 10 ms wide pulse in place of the 
intelligent algorithm mainly be cause these features are veri- 
fied operationally, not with the VFY pin. Architecture pro- 
gramming is implemented by applying the supervoltage to 
two additional pins during programming. In programming 
the 7C269 architecture Vpp is applied to pins 3, 9 and 22 
while in programming the 7C268 architecture Vpp is ap- 
plied to pins 3, 1 1, 26. Specific choice of a particular mode 
will depend on the states of the other pins during program- 
ming so it is important that the condition of the other pins 
be met as set forth in the mode table. The same considera- 
tions with respect to power up and power down apply dur- 
ing architecture programming as during intelligent pro- 
gramming. Once the supervoltages have been established 
and the correct logic states exist on the other device pins, 
progra mming may begin. Programming is accomplished by 
pulling PGM from HIGH to LOW and then back to 
HIGH with a pulse width equal to 10 ms. 

To check whether a 7C269 has been programmed as output 
enable or initialize enable, pin 22 (E/I) should be pulled 
LOW followed by a LOW to HIGH transition on pin 8 
(CLOCK). The data read at the outputs is stored and com- 
plement data is shifted into the shadow register. A shift 
from shadow to pipeline is performed and the CLOCK is 
again pulled from LOW to HIGH. At this point, if the new 
data read is data-complement, the device has been pro- 
grammed as Output enable while if the new data read-true 
then the device is programmed as Initialize enable and the 
configuration of the Initialize byte can be read directly by 
pulling E/I from HIGH to LOW. 
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CY7C268 

CY7C269 


Mode Table 7C268 


Mode Select 

P2 

A6 

P3 

A5 

P30 

A9 

1 

P7 

MD 

P9 

DCLK 

P10 

PCLK 

Pll 

A1 

P12 

AO 

P22 

SDO 

P23 

SDI 


P26 

INT 

Vpp 

P27 

E/E S 


PGM 

VFY 

Normal Read [2] 

A6 

A5 

A9 

A2 

L 

X 

L/H 

A1 

AO 

SDO 

X 

A12 

H 

H/L 

All 

Load SR to PR! 2 ! 

A6 

A5 

A9 

A2 

H 

L 

L/H 

A1 

AO 

SDI 

X 

A12 

H 

X 

All 

Load Output to SR 

A6 

A5 

A9 

A2 

H 

L/H 

L 

A1 

AO 

SDI 

L 

A12 

H 

H 

All 

Shift Shadow t 2 ] 

A6 

A5 

A9 

A2 

L 

L/H 

L 

A1 

AO 

SDO 

DIN 

A12 

H 

X 

All 

Program (Memory) 

A6 

A5 

A9 

A2 

L 

L 

L 

A1 

AO 

H 

L 

A12 

Vpp 

H 

All 

Program Verify 

A6 

A5 

A9 

A2 

H 

L 

L 

A1 

AO 

L 

L 

A12 

Vpp 

H 

All 

Program Inhibit 

A6 

A5 

A9 

A2 

H 

L 

L 

A1 

AO 

H 

L 

A12 

Vpp 

H 

All 

Async. Enable Read 

A6 

A5 

A9 

A2 

L 

L 

X 

A1 

AO 

SDO 

L 

A12 

H 

H/L 

All 

Sync. Enable Read 

A6 

A5 

A9 

A2 

L 

L 

L/H 

A1 

AO 

SDO 

L 

A12 

H 

H/L 

All 

Async. Init. Read 

A6 

A5 

A9 

A2 

L 

L 

X 

A1 

AO 

SDO 

L 

A12 

L 

L 

All 

Program Sync. Enable^ 

H 

V H H 

X 

H 

L 

L 

L 

Vhh 

L 

H 

L 

H 

Vpp 

H 

H 

Program Initial Byte 

H 

Vhh 

X 

L 

L 

L 

L 

Vhh 

H 

H 

L 

X 

Vpp 

H 

L 


Notes: 

1. Default is Async. Enable. LOW. When E goes from LOW to HIGH (enable to disable) the outputs 

2. For the asynchronous enable operation, the data out is enabled by will go to the high impedance state (after a propagation delay) immedi- 

bringing E LOW. For the synchronous enable operation, data out is ately if the asynchronous enable was programmed. If the synchronous 

enabled on the first LOW to HIGH clock transition after E is brought enable was selected, a LOW to HIGH clock transition is required. 


Mode Table 7C269 


Mode Select 

B 

m 

P26 

A9 

i 

P7 

MD 

PGM 

P8 

CLK 

B 

P10 

AO 

P21 

SDI 

P20 

SDO 

VFY 

P24 

All 

P22 

E/I 

Vpp 

mu 

mi 

Normal Read 

A6 

A5 

A9 

A2 

L 

L/H 

A1 

AO 

X 

HIZ 

All 

H/L 

A12 

Load SR to PRW 

A6 

A5 

A9 

A2 

H 

L/H 

A1 

AO 

L 

SDI 

All 

L 

A12 

Load Output to SRl3] 

A6 

A5 

A9 

A2 

H 

L/H 

A1 

AO 

H 

SDI 

All 

L 

A12 

Shift Shadow W 

A6 

A5 

A9 

A2 

H 

L/H 

A1 

AO 

DIN 

SDO 

All 

H 

A12 

Program (Memory) 

A6 

A5 

A9 

A2 

L 

L 

A1 

AO 

X 

H 

All 

Vpp 

A12 

Program Verify 

A6 

A5 

A9 

A2 

H 

L 

A1 

AO 

X 

L 

All 

Vpp 

A12 

Program Inhibit 

A6 

A5 

A9 

A2 

H 

L 

A1 

AO 

X 

H 

All 

Vpp 

A12 

Async. Enable Read 

A6 

A5 

A9 

A2 

L 

L 

A1 

AO 

X 

HIZ 

All 

L 

A12 

Sync. Enable Read 

A6 

A5 

A9 

A2 

L 

L/H 

A1 

AO 

X 

HIZ 

All 

L 

A12 

Async. Init. Read 

A6 

A5 

A9 

A2 

L 

L 

A1 

AO 

X 

HIZ 

All 

L 

A12 

Program Sync. Enable^ 

H 

Vhh 

A9 

H 

L 

L 

Vhh 

L 

x 

H 

H 

Vpp 

H 

Program Initialize^] 

H 

Vhh 

A9 

L 

L 

L 

Vhh 

L 

X 

H 

H 

Vpp 

L 

Program Initial Byte 

H 

Vhh 

A9 

L 

L 

L 

Vhh 

H 

x 

H 

L 

Vpp 

A12 


Notes: 


1. Default is Async. Enable. 3. If I selected, outputs always enabled. If E selected, during diagnostic 

2. Default is Enable. operation the data outputs will remain in the state they were in when 

the mode was entered. When enabled, the data outputs will reflect the 
outputs of the pipeline register. Any changes in the data in the pipe- 
line register will appear on the data output pins. 


3-93 























































































































































































CY7C268 

CY7C269 


DC Programming Parameters Ta = 25°c 


Parameter 

Description 

Min. 

Max. 

Units 

Vpp 

Programming Voltage 

12.0 

13.0 

V 

Vccp 

Power Supply Voltage During Programming 

4.75 

5.25 

V 

Ipp 

Vpp Supply Current 


50 

mA 

VfflP 

Input High Voltage During Programming 

3.0 


V 

VlLP 

Input Low Voltage During Programming 

-3.0 

0.4 

V 

VOH 

Output High Voltage 

2.4 


V 

VOL 

Output Low Voltage 


0.4 

V 


AC Programming Parameters Ta = 25°c 


Parameter 

Description 

Min. 

Max. 

Units 

tpp 

Program Pulse Width (Per Byte) 


10.0 

ms 

tAS 

Address Set-up Time 

1.0 


JUS 

tAH 

Address Hold Time 

1.0 


JUS 

tDH 

Data Hold Time 

1.0 


JUS 

tDS 

Data Set-up Time 

1.0 


/ms 

tR,F 

Vpp Rise and Fall Time 

1.0 


JUS 

tDV 

Delay to Verify 

1.0 


JUS 

tVD 

Verify to Data Out 


1.0 

JUS 

tVH 

Data Hold Time from Verify 


1.0 

JUS 

tvp 

Verify Pulse Width 

2.0 


JUS 

tDZ 

Verify to High Z 


1.0 

JUS 


Erasure Characteristics 

Wavelengths of light less than 4000 Angstroms begin to 
erase the 7C268 and 7C269 in the windowed package. For 
this reason, an opaque label should be placed over the win- 
dow if the PROM is exposed to sunlight or fluorescent 
lighting for extended periods of time. 

The recommended dose of ultraviolet light for erasure is a 
wavelength of 2537 Angstroms for a minimum dose (UV 


intensity X exposure time) or 25 Wsec/cm 2 . For an ultra- 
violet lamp with a 12 mW/cm 2 power rating the exposure 
time would be approximately 45 minutes. The 7C268 or 
7C269 needs to be within 1 inch of the lamp during era- 
sure. Permanent damage may result if the PROM is ex- 
posed to high intensity UV light for an extended period of 
time. 7258 Wsec/cm 2 is the recommended maximum dos- 
age. 


Bit Map Data 


Programmer Address 

RAM Data 

Decimal 

Hex 

Contents 

0 

0 

DATA 

• 

• 

• 

• 

• 

• 

• 

• 

• 

8191 

1FFF 

DATA 

8192 

2000 

I NIT BYTE 

8193 

2001 

CONTROL BYTE 


Control Byte 

00 Asynchronous output enable (default condition) 

01 Synchronous output enable 

02 Asynchronous initialize (CY7C269 only) 
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VERIFY BYTE 


PASS 


DEVICE FAIL 


























CY7C268 

CY7C269 




Figure 5. Programming Waveforms (Memory) 


Note: 

Power, Vpp and Vcc should not be cycled for each program verify cycle but remain static during programming. 



*7C268-pin 26 * * *Data required on I/O’s only during initial byte programming 

7C269-pin 22 
**7C268-pins 3, 11 
7C269-pins 3, 9 

Figure 6. Programming Waveforms for the Architecture CY7C268 and CY7C269 
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CYPRESS 

SEMICONDUCTOR 


Typical DC and AC Characteristics 


CY7C268 

CY7C269 


NORMALIZED SUPPLY 
CURRENT vs. SUPPLY 
VOLTAGE 



4.0 4.5 5.0 5.5 

SUPPLY VOLTAGE (V) 


OUTPUT SOURCE 
CURRENT vs. VOLTAGE 



1.0 2.0 3.0 

OUTPUT VOLTAGE (V) 


NORMALIZED SUPPLY 
CURRENT vs. AMBIENT 
TEMPERATURE 



-55 25 125 

AMBIENT TEMPERATURE (°C) 

TYPICAL ACCESS TIME 
CHANGE vs. OUTPUT 
LOADING 



200 400 600 800 1000 

CAPACITANCE (pF) 


NORMALIZED ACCESS TIME 
vs. TEMPERATURE 



-55 25 125 

AMBIENT TEMPERATURE (°C) 


OUTPUT SINK CURRENT 
vs. OUTPUT VOLTAGE 



1.0 2.0 3.0 

OUTPUT VOLTAGE (V) 


Ordering Information 


Speed 

(ns) 


40 


50 


Icc 

(mA) 


100 


80 


120 


Ordering 

Code 


CY7C268-40DC 


CY7C268-40WC 


CY7C269-40PC 


CY7C269-40DC 


CY7C269-40WC 


CY7C268-50DC 


CY7 C268-50W C 


CY7C269-50PC 


CY7C269-50DC 


CY7C269-50WC 


CY7 C268-50DMB 


CY7C268-50WMB 


CY7C268-50LMB 


CY7C268-50QMB 


CY7C269-50DMB 


CY7C269-50WMB 


CY7C269-50LMB 


C Y7 C269-50QMB 


Package 

Type 


D20 


W20 


P21 


D22 


W22 


D20 


W20 


P21 


D22 


W22 


D20 


W20 


L55 


Q55 


D22 


W22 


L64 


Q64 


Operating 

Range 


Commercial 


Military 


Speed 

(ns) 

Icc 

(mA) 

Ordering 

Code 

Package 

Type 

Operating 

Range 

60 

80 

CY7C268-60DC 

D20 

Commercial 

CY7C268-60WC 

W20 

CY7C269-60PC 

P21 

CY7C269-60DC 

D22 

CY7C269-60WC 

W22 


100 

CY7C268-60DMB 

D20 

Military 



CY7 C268-60WMB 

W20 




CY7C268-60LMB 

L55 




CY7C268-60QMB 

Q55 




CY7C269-60DMB 

D22 




CY7C269-60WMB 

W22 




CY7C269-60LMB 

L64 




CY7C269-60QMB 

Q64 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 

Subgroups 

VOH 

1,2,3 

VOL 

1,2,3 

VlH 

1,2,3 

VlL 

1,2,3 

lix 

1,2,3 

loz 

1,2,3 

Icc 

1,2,3 

ISB 

1,2,3 


CY7C268 

CY7C269 


Switching Characteristics 


Parameters 

Subgroups 

tAS 

7,8,9,10,11 

tHA 

7,8,9,10,11 

tco 

7,8,9,10,11 

tpw 

7,8,9,10,11 

tSES 

7,8,9,10,11 

tHES 

7,8,9,10,11 

tcos 

7,8,9,10,11 


Diagnostic Mode Switching 
Characteristics 


Parameters 

Subgroups 

tSSDI 

7,8,9,10,11 

tHSDI 

7,8,9,10,11 

tDSDO 

7,8,9,10,11 

tDCL 

7,8,9,10,11 

tDCH 

7,8,9,10,11 



tMS 


tss 

7,8,9,10,11 


Note: 

1. 7C269 only. 

Document #: 3 8-00069- A 
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CY7C271 

CY7C274 


CYPRESS 
SEMICONDUCTOR 


Features 


32,768 x 8 PROM 
Power Switched and 
Reprogrammable 


• CMOS for optimum 
speed/power 

• Windowed for reprogrammability 

• High speed 

— 35 ns (commercial) 

— 45 ns (military) 

• Low power 

— 660 mW (commercial) 

— 715 mW (military) 

• Super low standby power 
— Less than 165 mVY when 

deselected 

• EPROM technology 
100% programmable 

• 5V ±10% Vcc» commercial 
and military 

• TTL compatible I/O 

• Slim 300 mil package (7C271) 

• Direct replacement for 
bipolar PROMs 


• Capable of withstanding 
> 2001V static discharge 

Product Characteristics 

The CY7C271 and CY7C274 are high 

performance 32,768 word by 8 bit 

CMOS PROMS. When disabled (CE 
HIGH), the 7C27 1/274 automatically 
powers down into a low power standby 
mode. The CY7C27 1 is packaged in 
the 300 mil slim package. The 
CY7C274 is packaged in the industry 
standard 600 mil package. Both the 
7C271 and 7C274 are available in a 
CERDIP package equipped with an 
erasure window to provide for repro- 
grammability. When exposed to UV 
light, the PROM is erased and can be 
reprogrammed. The memory cells uti- 
lize proven EPROM floating gate tech- 
nology and byte-wide intelligent pro- 
gramming algorithms. 

The CY7C271 and CY7C274 offer the 
advantage of lower power, superior 


performance and programming yield. 
The EPROM cell requires only 12.5V 
for the supervoltage and low current 
requirements allow for gang program- 
ming. The EPROM cells allow for each 
memory location to be 100% tested, 
with each location being written into, 
erased and repeatedly exercised prior 
to encapsulation. Each PROM is also 
tested for AC performance to guaran- 
tee that after customer programming 
the product will meet DC and AC 
specification limits. 

Reading the 7C271 is accomplished by 
placing active LOW signals on CSi and 
CE, and an active HIGH on CS2. 
Reading the 7C274 is accomplished by 
placing active LOW signals on OE and 
CE. The contents of the memory loca- 
tion addressed by the address lines 
(A0-A14) will become available on the 
output lines (O0-O7). 
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CY7C274 



Selection Guide 



7C271-35 

7C274-35 

7C271-45 

7C274-45 

7C271-55 

7C274-55 

Maximum Access Time (ns) 

35 

45 

55 

Maximum Operating 

Current (mA) 

Commercial 

120 

120 

120 

Military 


130 

130 

Standby Current (mA) 

Commercial 

30 

30 

30 

Military 


40 

40 


Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature — 65° C to + 150°C 

Ambient Temperature with 

Power Applied — 55°C to + 125°C 

Supply Voltage to Ground Potential .... —0.5V to + 7.0V 
DC Voltage Applied to Outputs 

in High Z State -0.5V to + 7.0V 

DC Input Voltage - 3.0V to + 7.0V 

DC Program Voltage 13.0V 


Static Discharge Voltage >200 IV 

(per MIL-STD-883, Method 3015) 


Latchup Current > 200 mA 

UV Exposure 7258Wsec/cm 2 

Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70°C 

5V ± 10% 

Military I 4 ) 

— 55°C to + 125°C 

5V ± 10% 


Electrical Characteristics Over the Operating Rangel 5 ) 


Parameters 

Description 

Test Conditions 

7C271-35, 45, 55 
7C274-35, 45, 55 

Units 

Min. 

Max. 

VOH 

Output HIGH Voltage 

Vcc = Min., Ioh = —2.0 mA 

2.4 


V 

V 0 L 

Output LOW Voltage 

Vcc = Min., Iol = 8.0 mA* 


0.4 

V 

VlH 

Input HIGH Level) 1 ) 


2.0 

Vcc 

V 

VlL 

Input LOW Level)!) 



0.8 

V 

Iix 

Input Current 

GND <: Vin < Vcc 

-10 

+ 10 

jxA 

VCD 

Input Diode Clamp 
Voltage 


Note 2 


loz 

Output Leakage 

Current 

VOL > VoUT ^ VoH, 

Output Disabled 

-40 

+ 40 

fxA 

los 

Output Short 

Circuit Current) 3 ) 

Vcc = Max., Vqut = GND 

-20 

-90 

mA 

Icc 

Power Supply 

Current 

V C c = Max., Vin = 2.0V 
loUT = 0 mA 

Commercial 


120 

mA 

Military 


130 

mA 

ISB 

Standby Supply 

Current 

Vcc = Max., CS > Vih 
Iqut = 0 mA 

Commercial 


30 

mA 

Military 


40 

mA 


*6.0 mA military 


Capacitance^ 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Cin 

Input Capacitance 

T a = 25°C, f = 1 MHz 

V CC = 5.0V 

8 

pF 

CqUT 

Output Capacitance 

8 


Notes: 

1. These are absolute voltages with respect to device ground pin and 
include all overshoots due to system and/or tester noise. Do not at- 
tempt to test these values without suitable equipment. 

2. The CMOS process does not provide a clamp diode. However, the 
CY7C271 and CY7C274 are insensitive to — 3V dc input levels and 
— 5 V undershoot pulses of less than 10 ns (measured at 50% point). 


3. For test purposes, not more than one output at a time should be 
shorted. Short circuit test duration should not exceed 30 seconds. 

4. Ta is the “instant on” case temperature. 

5. See the last page of this specification for Group A subgroup testing 
information. 

6. Tested initially and after any design or process changes that may 
affect these parameters. 
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CYPRESS 

SEMICONDUCTOR 


CY7C271 

CY7C274 


Switching Characteristics Over the Operating Ranged 7] 


Parameters 

Description 

tAA 

Address to Output Valid 

tHZCS 

Chip Select Inactive to High Zl8l (CSi and CS2-7C271 Only) 

tACS 

Chip Select Active to Output Valid (CSi and CS2-7C271 Only) 

tHZOE 

Output Enable Inactive to High Zl 8 l (OE-7C274 Only) 

tOE 

Output Enable Active to Output Valid (OE-7C274 Only) 

tHZCE 

Chip Enable Inactive to High Zl 8 l (CE Only) 

tACE 

Chip Enable Active to Output Valid (CE Only) 

tpu 

Chip Enable Active to Power Up 

tPD 

Chip Enable Inactive to Power Down 

tOH 

Output Hold from Address Change 


7C271-35 

7C271-45 

7C271-55 


7C274-35 

7C274-45 

7C274-55 

Units 

Min, 

Max. 

Min. 

Max. 

Min. 

Max. 



35 


45 


55 

ns 


25 


30 


30 

ns 


25 


30 


30 

ns 


25 


25 


30 

ns 


25 


25 


30 

ns 


40 


50 


60 

ns 


40 


50 


60 

ns 

0 


0 


0 


ns 


40 


50 


60 

ns 

0 


0 


0 


ns 


AC Test Loads and Waveforms 


R1 

soon 

(658X1 MIL) 


INCLUDING "T 
JIG AND JL 
SCOPE — 


R1 

5000, 
(6580 MIL) 


X _L (403I1MIL) IN X AND I j_ (403nM ' L) 


SCOPE — — 


Figure la 


Figure lb 


*" 90 % 

GND — ^ 10% 10% ft 

< 5 ns — *■! — ►IU— <5i 

Figure 2. Input Pulses 


Equivalent to: THEVENIN EQUIVALENT 

200X1 

OUTPUT O — WV— O 2.00V COMMERCIAL 
250X1 

OUTPUT O— VW — O 1 .90V MILITARY 


▼ cc 
SUPPLY 
CURRENT 

A 0~ A 1 4 
ADDRESS . 

CS 2 

[9] OE.CE.CS, 


O 0 - 0 7 PREVIOUS DATA VALID) 


tpu I-*— POWER DOWN CONTROLLED BY CE 


(*oe) 

‘ACS(E)“ 

HIGH Z 


Notes: 

7. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1 ,5V, output loading of the specified Iol/Ioh and 
loads shown in Figure la, lb. 

8- tHzcS(E) and tHZOE are tested with the load shown in Figure lb. 
Transition is measured at steady state High level - 500 mV or steady 

Erasure Characteristics 

Wavelengths of light less than 4000 Angstroms begin to 
erase the 7C271 and 7C274 in the windowed package. For 
this reason, an opaque label should be placed over the win- 
dow if the PROM is exposed to sunlight or fluorescent 
lighting for extended periods of time. 

The recommended dose of ultraviolet light for erasure is a 
wavelength of 2537 Angstroms for a minimum dose (UV 


state Low level + 500 mV on the output from the 1.5 level on the 
input. 

9. CS 2 and CS] are used on the 7C271 only. OE is used on the 7C274 
only. 


intensity X exposure time) or 25 Wsec/cm 2 . For an ultra- 
violet lamp with a 12 mW/cm 2 power rating the exposure 
time would be approximately 45 minutes. The 7C271 and 
7C274 need to be within 1 inch of the lamp during erasure. 
Permanent damage may result if the PROM is exposed to 
high intensity UV light for an extended period of time. 
7258W X sec/ cm 2 is the recommended maximum dosage. 
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NORMALIZED ACCESS TIME NORMALIZED I, 


CY7C271 

CY7C274 



Typical DC and AC Characteristics 


NORMALIZED SUPPLY CURRENT NORMALIZED SUPPLY CURRENT NORMALIZED ACCESS TIME 

vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 



SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) SUPPLY VOLTAGE (V) 


NORMALIZED ACCESS TIME 
vs. TEMPERATURE 



OUTPUT SOURCE CURRENT 
vs. VOLTAGE 



0 1.0 2.0 3.0 4.0 


TYPICAL ACCESS 

TIME CHANGE 

vs. OUTPUT LOADING 



AMBIENT TEMPERATURE (°C) 


OUTPUT VOLTAGE (V) 


CAPACITANCE (pF) 


OUTPUT SINK CURRENT 
vs. OUTPUT VOLTAGE 



OUTPUT VOLTAGE (V) 
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Read Mode Table 


Part 

Vpp 

PGM 

VFY 

7C271 

VlL 

Vih 

VlL 

7C274 

VlL 

VlL 

VlL 


Reading PROMs 

Below are timing diagrams for the final read of the PROMs. Use 1 jxs timing for pulse widths and overlaps. 


CY7C271 

CY7C274 


ADDRESS 


X 


NEW ADDRESS 


DATA 


\ VALID 


0102-15 


A 





Ordering Information 


Speed 

(ns) 

Ordering 

Code 

Package 

Type 

Operating 

Range 

35 

CY7C271-35PC 

P21 

Commercial 

CY7C271-35WC 

W22 

45 

CY7C271-45PC 

P21 

Commercial 

CY7C271-45WC 

W22 

CY7C27 1-45DMB 

D22 

Military 

CY7C27 1 -45 WMB 

W22 

CY7C271-45LMB 

L55 

CY7C27 1 -45QMB 

Q55 

55 

CY7C271-55PC 

P21 

Commercial 

CY7C271-55WC 

W22 


CY7C271-55DMB 

D22 

Military 


CY7C27 1-55 WMB 

W22 



CY7C271-55LMB 

L55 



CY7C271-55QMB 

Q55 



Speed 

Ordering 

Package 

Operating 

(ns) 

Code 

Type 

Range 

35 

CY7C274-35PC 

P15 

Commercial 


CY7C274-35WC 

W16 


45 

CY7C274-45PC 

P15 

Commercial 


CY7C274-45WC 

W16 



CY7C274-45DMB 

D16 

Military 


CY7C274-45WMB 

W16 



CY7C274-45LMB 

L55 



CY7C274-45QMB 

Q55 


55 

CY7C274-55PC 

P15 

Commercial 


CY7C274-55WC 

W16 



CY7C274-55DMB 

D16 

Military 


CY7C274-55WMB 

W16 



CY7C274-55LMB 

L55 



CY7C274-55QMB 

Q55 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 

Subgroups 

VOH 

1,2,3 

VOL 

1,2,3 

VlH 

1,2,3 

Vil 

1,2,3 

Iix 

1,2,3 

loz 

1,2,3 

Ice 

1,2,3 

ISB 

1,2,3 


CY7C271 

CY7C274 


Switching Characteristics 


Parameters 

Subgroups 

tAA 

7,8,9,10,11 

tACS [l l 

7,8,9,10,11 

tOE^ 

7,8,9,10,11 

tACE 

7,8,9,10,11 


Notes: 

1. 7C271 only. 

2. 7C274 only. 

Document #: 38-00068-D 
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CY7C277 

CY7C279 


^ SEMICONDUCTOR Reprogrammable 32,768 x 8 

Registered PROM 


Features 

• Windowed for reprogrammability 

• CMOS for optimum 
speed/power 

• High speed 

— 30 ns max set-up 

— 15 ns clock to output 

• Low power 

— 660 mW (commercial) 

— 715 mW (military) 


• Programmable address latch 
enable input 

• Programmable synchronous or 
asynchronous output enable 
(7C277) 

• On-chip edge-triggered registers 

• EPROM technology, 100% 
programmable 


• Slim 300 mil, 28-pin plastic or 
hermetic DIP 

• 5V ± 10% Vcc> commercial and 
military 

• TTL compatible I/O 

• Direct replacement for bipolar 
PROMs 

• Capable of withstanding greater 
than 2000V static discharge 


Logic Block Diagram 


Pin Configurations 

CY7C277 
"TZ7” 



CY7C279 



LCC Pinout 



Selection Guide 



7C279-35 

7C277-30 

7C279-45 

7C277-40 

7C279-55 

7C277-50 

Maximum Access Time (ns) 

35 


45 


55 


Maximum Setup Time (ns) 


30 


40 


50 

Maximum Clock to Output (ns) 


15 


20 


25 

Maximum Operating 

Commercial 

120 

120 

120 

120 

120 

120 

Current (mA) 

Military 



130 

130 

130 

130 

Maximum Standby 

Commercial 

30 


30 


30 


Current (mA) 

Military 



40 


40 
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PYPpcec 

SEMKONDUCTOR 


CY7C277 

CY7C279 


Product Characteristics 

The CY7C277 and CY7C279 are high performance 32,768 
word by 8 bit CMOS PROMs. When deselected, the 7C279 
automatically powers down into a low power standby 
mode. The 7C277 and the 7C279 both are packaged in the 
slim 28 pin 300 mil package. The ceramic package may be 
equipped with an erasure window; when exposed to UV 
light, the PROM is erased and can then be reprogrammed. 
The memory cells utilize proven EPROM floating gate 
technology and byte-wide algorithms. 

The CY7C277 and CY7C279 offer the advantages of lower 
power, reprogrammability, superior performance and high 
programming yield. The EPROM cell requires only 12.5V 
for the supervoltage and low current requirements allow 
for gang programming. The EPROM cells allow for each 
memory location to be 100% tested, as each location is 
written into, erased, and repeatedly exercised prior to en- 
capsulation. Each PROM is also tested for AC perform- 
ance to guarantee that after customer programming the 
project will meet DC and AC specification limits. 

On the 7C277, the outputs are pipelined through a master- 
slave register. On the rising edge of CP, datajs loaded into 
the 8 bit edge triggered output register. The E/E s provides 
a programmable bit to select between asynchronous and 
synchronous operation. The default condition is 


asynchronous. When the asynchronous mode is selected, 
the E/Eg pin is sampled continuously and operates as an 
outputenable. If the synchronous mode is selected, then 
the E/Es pin is sampled only when CP is HIGH. Enabling 
the outputs in this mode is accomplished by bringing the Eg 
pin LOW and pulsing the CP HIGH to latch the output 
enable state. The 7C277 also provides a programmable bit 
to enable the ADDRESS LATCH ENABLE (ALE) pin. If 
this bit is not programmed, then the device will ignore the 
ALE pin. If the ALE function is selected, the user may 
define the polarity of the ALE signal with the default being 
a positive ACTIVE signal. 

On the 7C279, address registers are provided to easily in- 
terface with the Cypress 7C601 and other microprocessors 
that clock their addresses. A programmable bit is provided 
to select between Latched and Registered address inputs. 
The default is registered inputs, which will sample the ad- 
dress on the RISING EDGE of ALE and latch the address 
into the address register. The Latched address option will 
recognize any address changes while the ALE pin is 
ACTIVE and latch the address into the address registers 
on the FALLING EDGE of ALE. If the latched address 
option is selected, then another programmable bit is pro- 
vided for the user to select the polarity that will define 
ALE ACTIVE, with the default being positive polarity. 


Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature — 65°C to + 150°C 

Ambient Temperature with 


Static Discharge Voltage > 2001V 


Power Applied — 55°C to + 125°C 

Supply Voltage to Ground Potential 

(Pin 24 to Pin 12) -0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State —0.5V to + 7.0V 

DC Input Voltage - 3.0V to + 7.0V 

DC Program Voltage (Pins 7, 18, 20) 13.0V 

UV Erasure 7258 Wsec/cm 2 


(Per MIL-STD-883 Method 3015) 

Latchup Current > 200 mA 

Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70°C 

5V ± 10% 

Military [21 

— 55°C to +125°C 

5V ± 10% 


Electrical Characteristics Over Operating Ranged 


Parameters 

Description 

Test Conditions 

7C277-30 

7C279-35 

7C277-40, 50 
7C279-45, 55 

Units 

Min. 

Max. 

Min. 

Max. 

VOH 

Output HIGH Voltage 

V C c = Min., Ioh = —2.0 mA 

mm 




n 

VOL 

Output LOW Voltage 

Vcc = Min., Iol = 8.0 mA 


0.4 


0.4 

V 

Vffl 

Input HIGH Level [4] 


2.0 

Vcc 

2.0 

Vcc 

V 

VlL 

Input LOW Level [41 



0.8 


0.8 

WM 

Iix 

Input Leakage Current 

GND < V IN < V C c 

-10 

+ 10 

-10 

+ 10 

juA 

VcD 

Input Clamp Diode Voltage 


Note 5 

loz 

Output Leakage Current 

Vol + Vout ^ Vqh> Output Disabled [6] 

-40 

+ 40 

-40 

+ 40 

ju.A 

los 

Output Short Circuit Current 

Vcc = Max., Vout = 0.0VI7] 

-20 

-90 

-20 

-90 

mA 

Icc 

Power Supply Current 

Vcc = Max., Vih = 2.0V 
loUT = 0 mA 

Commercial 


120 


120 

mA 

Military 




130 

IsbI 11 ! 

Standby Supply Current 

V C c = Max., CS > Vih 
IoUT = 0 mA 

Commercial 


30 


30 

mA 

Military 




40 
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CY7C277 

CY7C279 



Capacitance [8] 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Cin 

Input Capacitance 

T a = 25°C, f = 1 MHz 

Vcc = 5.0V 

8 

pF 

COUT 

Output Capacitance 

8 


Notes: 


1. The 7C279 only has a standby mode. 

2. Ta is the “instant on” case temperature. 

3. See the last page of this specification for Group A subgroup testing 
information. 

4. These are absolute voltages with respect to device ground pin and 
include all overshoots due to system and/or tester noise. Do not at- 
tempt to test these values without suitable equipment (see Notes on 
Testing). 

5. The CMOS process does not provide a clamp diode. However, the 
CY7C277 and CY7C279 are insensitive to — 3 V dc input levels and 
— 5 V undershoot pulses of less than 10 ns (measured at 50% point). 


6. For devices using the synchronous enable, the device must be clocked 
after applying these voltages to perform this measurement. 

7. For test purposes, not more than one output at a time should be 
shorted. Short circuit test duration should not exceed 30 seconds. 

8. Tested initially and after any design or process changes that may 
affect these parameters. 



Switching Characteristics Over Operating Ranged 


Parameters 

Description 

7C277-30 

7C277-40 

7C277-50 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

tAL 

Address Setup to ALE Active 

5 


10 


10 


ns 

tLA 

Address Hold from ALE Inactive 

10 


10 


15 


ns 

tLL 

ALE Pulse Width 

10 


10 


15 


ns 

tSA 

Address Setup to Clock HIGH 

30 


40 


50 


ns 

tHA 

Address Hold from Clock HIGH 

0 


0 


0 


ns 

tSES 

E S Setup to Clock HIGH 

12 


15 


15 


ns 

tHES 

E S Hold from Clock HIGH 

5 


10 


10 


ns 

tco^ 

Clock HIGH to Output Valid 


15 


20 


25 

ns 

tpwc 

Clock Pulse Width 

15 


20 


20 


ns 

tLZC 

Output Low Z from Clock HIGH 


20 


20 


30 

ns 

tHZC^ 14 ’ 

Output High Z from Clock HIGH 


20 


20 


30 

ns 

tLZE 

Output Low Z from E LOW 


20 


20 


30 

ns 

tHZE [15 ’ 9] 

Output High Z from E HIGH 


20 


20 


30 

ns 
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CYPRESS 

SEMICONDUCTOR 


Switching Characteristics Over Operating Range [81 (Continued) 


7C279-35 


Parameters 

Description 

tco^ 

Clock to Output Valid 

tHZCS 

Chip Select Inactive to High Z 

tACS 

Chip Select Active to Output Valid 

tAR 

Address Register Setup to ALE Active 

tRA 

Address Hold from ALE Active 

tADH 

Data Hold from ALE Active 

tpu 

Chip Enable Active to Power Up 

tpD 

Chip Enable Inactive to Power Down 

tOH^ 12 ^ 

Output Hold from Address Change 

tpWA 

Address Register Pulse Width 


Notes: 

9. tjjzcs and tnzE are tested wtih the load shown in Figure lb. Tran- 
sition is measured at steady state high level — 500 mV or steady state 
low level + 500 mV on the output from the 1.5V level on the input. 

10. These parameters apply to the 7C277 only. 

1 1. These parameters apply to the 7C279 only. 

12. tAA and toH apply only when the latched mode is selected. 

13. Tests are performed with rise and fall times of 5 ns or less. 


CY7C277 

CY7C279 



14. Applies only when the synchronous (Es) function is used. 

15. Applies only when the asynchronous (E) function is used. 

16. See Figure la for all switching characteristics except tnzcs and 
tHZE. 

17. See the last page of this specification for Group A subgroup testing 
information. 

18. All device test loads should be located within 2" of device outputs. 


AC Test Loads and Waveforms 16 » 


R1 

soon 


(658fi MIL) 



0136 -: 

Figure la 


R1 

500.fi. 


(658X1 MIL) 



- SCOPE - 


0136-8 

Figure lb 


Equivalent to: THEVENIN EQUIVALENT 



0136-6 

Figure 2 


200.fi. 

OUTPUT O— VW— O 2.00V COMMERCIAL 
250.0. 

OUTPUT O — VW— O 1 .90V MILITARY 

0136-14 
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NORMALIZED l cc NORMALIZED I, 


CY7C277 

CY7C279 



Typical DC and AC Characteristics 


NORMALIZED SUPPLY CURRENT NORMALIZED SUPPLY CURRENT NORMALIZED ACCESS TIME 

vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 



SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) SUPPLY VOLTAGE (V) 


NORMALIZED ACCESS TIME OUTPUT SOURCE CURRENT TYPICAL ACCESS TIME CHANGE 

vs. TEMPERATURE vs. VOLTAGE vs. OUTPUT LOADING 



AMBIENT TEMPERATURE (°C) 


OUTPUT VOLTAGE (V) 


CAPACITANCE (pF) 


OUTPUT SINK CURRENT 
vs. OUTPUT VOLTAGE 
175 

| 150 

£ 125 

UJ 
O' 

* 100 

0 

1 75 

</> 

i- 50 
z> 

D. 

= 25 

o 

0 

0 1.0 2.0 3.0 4.0 

OUTPUT VOLTAGE (V) 



0136-15 
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SEMICONDUCTOR 


CY7C277 

CY7C279 


Erasure Characteristics 

Wavelengths of light less than 4000 Angstroms begin to 
erase the 7C277 and 7C279. For this reason, an opaque 
label should be placed over the window if the PROM is 
exposed to sunlight or fluorescent lighting for extended pe- 
riods of time. 

The recommended dose for erasure is ultraviolet light with 
a wavelength of 2537 Angstroms for a minimum dose (UV 
intensity X exposure time) of 25 Wsec/cm 2 . For an ultra- 
violet lamp with a 12 mW/cm 2 power rating the exposure 
time would be approximately 45 minutes. The 7C277 and 
7C279 need to be within 1 inch of the lamp during erasure. 
Permanent damage may result if the PROM is exposed to 
high intensity UV light for an extended period of time. 
7258 Wsec/cm 2 is the recommended maximum dosage. 

Device Programming 

There are several independent programmable functions 
contained in the 7C277 and 7C279 CMOS 32K x 8 regis- 
tered PROM. Both devices have the 32K x 8 array and a 
programmable ALE function. The 7C277_also contains a 
programmable synchronous function (E/E s ). 


All of the programming elements are EPROM cells and 
are in an erased state when they are shipped. This erased 
state manifests itself differently in each case. The erased 
state for the synchronous function is ASYNCHRONOUS 
mode. The erased state for the ALE function is: Registered 
inputs on the 7C279 and no ALE function on the 7C277. 

In the erased state, the memory location contains neither a 
one nor a zero. The erased state of the device can be veri- 
fied by using the BLANK CHECK ONES and BLANK 
CHECK ZEROS function (see mode table). 

To choose the ALE function, the ALE bit must be pro- 
grammed. This is done b y raising A9 to Vpp, taking A14 
LOW and pulsing PGM LOW. When the ALE function is 
chosen, it is active with positive polarity. To choose nega- 
tive polarit y, A9 m ust be at Vpp, A 14 must be raised 
HIGH and PGM must be pulsed LOW. The 7C277 comes 
with a synchronous option. To choose this option, the SYN 
bit must be prog ramme d. This is done by taking A14 to 
Vpp and pulsing PGM LOW. 

To verify these special bits, A 14 mu st be at Vpp and the 
Vpp must be held LOW with PGM held HIGH and CE 
LOW. The ALE bit is read on l/0\, the polarity bit is read 
on I/O2 and the synchronous bit is read on I/Oq. 


DC Programming Parameters T A = 25°C 

Table 1 


Parameter 

Description 

Min. 

Max. 

Units 

Vpptll 

Programming Voltage 

12.0 

13.0 

V 

Vccp 

Supply Voltage 

4.75 

5.25 

V 

VlHP 

Input High Voltage 

3.0 

Vccp 

V 

VlLP 

Input Low Voltage 


0.4 

V 

Voh^ 

Output High Voltage 

2.4 


V 

v ol [2] 

Output Low Voltage 


0.4 

V 

Ipp 

Programming Supply Current 


50 

mA 


AC Programming Parameters T A = 25°C 

Table 2 


Parameter 

Description 

Min. 

Max. 

Units 

tpp 

Programming Pulse Width 

0.1 

10 

ms 

tAS 

Address Setup Time to PGM/VFY 

1.0 


jus 

Ids 

Data Setup Time to PGM 

1.0 


JUS 

tAH 

Address Hold Time from PGM/VFY 

1.0 


JUS 

tDH 

Data Hold Time from PGM 

1.0 


JUS 

tR, tp^ 

Vpp Rise and Fall Time 

1.0 


JUS 

tVD 

Verify to Data Out 


5.0 

JUS 

tvp 

Verify Pulse V/idth 

12.0 


JUS 

tDV 

Delay to Verify 

1.0 


JUS 

tDZ 

Verify HIGH to High Z 


1.0 

JUS 

tp 

Power Up/Down 

20.0 


ms 

tps 

VFY Setup/Hold to PGM 


1.0 

JUS 


Notes: 

1 ■ Vccp must be applied prior to Vpp. 

2. During verify operation. 

3. Measured 10% and 90% points. 
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CY7C277 

CY7C279 


Mode Selection 


Mode Table 


Mode 

Read 

A 9 

A 14 

ALE 

CP-7C277 

CS-7C279 

E/E S -7C277 

CE-7C279 

Ao-As 

A 10 -A 13 

Data 

Program 

A 9 

A 14 

Vpp 



Ao-As 

A 10 -A 13 

Data 


PGM 

VFY 


Read 


Program 


Program SYN Bit 


Program ALE Bit 


Program ALE Low Polarity 


Program Verify! 1 ! 


Program Inhibit 


Blank Check 0, 1 12] 


Verify Special Bits 


Notes: 



VlL 


Vpp 


Vpp 


Vpp 


Vpp 


Vpp 


Vpp 


VlH, VlL 


VlL 


VlH 


VlL 


VlL 


VlL 


VlL 


VlH, Vil 


Vih 


Vpp 


Vih 



1. During program verify PGM must first be held HIGH to verify ones 
and then LOW to verify zeros. 


2. To blank check zeros, Vpp is held to Vjh and all ones should be read 
on the outputs. To blank check ones, Vpp is held to Vil and all zeros 
should be read on the outputs. 
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Ordering Information 


Speed 

(ns) 

Ordering 

Code 

Package 

Type 

Operating 

Range 

35 

CY7C277-30PC 

P21 

Commercial 

CY7C277-30WC 

W22 

CY7C279-35PC 

P21 

CY7C279-35WC 

W22 

45 

CY7C277-40PC 

P21 

Commercial 

CY7C277-40WC 

W22 

CY7C279-45PC 

P21 

CY7C279-45WC 

W22 

CY7C277-40DMB 

D22 

Military 

CY7C277-40WMB 

W22 

CY7C277-40LMB 

L55 

CY7C277-40QMB 

Q55 

CY7C279-45DMB 

D22 

CY7C279-45WMB 

W22 

CY7C279-45LMB 

L55 

CY7C279-45QMB 

Q55 

55 

CY7C277-50 PC 

P21 

Commercial 

CY7C277-50WC 

W22 

CY7C279-55PC 

P21 

CY7C279-55 WC 

W22 


CY7C277-50DMB 

D22 

Military 


CY7C277-50WMB 

W22 



CY7C277-50LMB 

L55 



CY7C277-50QMB 

Q55 



CY7C279-55DMB 

D22 



CY7C279-55WMB 

W22 



CY7C279-55LMB 

L55 



CY7C279-55QMB 

Q55 



CY7C277 

CY7C279 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 

Subgroups 

VOH 

1,2,3 

VOL 

1,2,3 

VlH 

1,2,3 

VlL 

1,2,3 

Iix 

1,2,3 

loz 

1,2,3 

Icc 

1,2,3 

ISB^ 1 ^ 

1,2,3 


CY7C277 

CY7C279 


Switching Characteristics 


Device 

Parameters 

Subgroups 

7C277 

tSA 

7,8,9,10,11 

tHA 

7,8,9,10,11 

tco 

7,8,9,10,11 

7C279 

tAR 

7,8,9,10,11 

tRA 

7,8,9,10,11 

tDHA 

7,8,9,10,11 


Note: 

1 1. These parameters apply to the 7C279 only. 

Document #: 38-00085-A 
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Features 

• CMOS for optimum speed/ 
power 

• High speed 

— 30 ns (commercial) 

— 45 ns (military) 

• Low power 

— 495 mW (commercial) 

— 660 mW (military) 

• EPROM technology 100% 
programmable 

• Slim 300 or standard 600 mil 
DIP or 28 pin LCC 

• 5V ± 10% Vcc> commercial and 
military 

• TTL compatible I/O 

• Direct replacement for bipolar 
PROMs 


• Capable of withstanding 
> 1500V static discharge 

Product Characteristics 

The CY7C281 and CY7C282 are high 
performance 1024 word by 8 bit CMOS 
PROMs. They are functionally identi- 
cal, but are packaged in 300 mil and 
600 mil wide packages respectively. 

The CY7C281 is also available in a 28 
pin leadless chip carrier. The memory 
cells utilize proven EPROM floating 
gate technology and byte-wide intelli- 
gent programming algorithms. 

The CY7C281 and CY7C282 are plug- 
in replacements for bipolar devices and 
offer the advantages of lower power, 
superior performance and program- 
ming yield. The EPROM cell requires 
only 13.5V for the supervoltage and 


low current requirements allow for 
gang programming. The EPROM cells 
allow for each memory location to be 
tested 100%, as each location is written 
into, erased, and repeatedly exercized 
prior to encapsulation. Each PROM is 
also tested for AC performance to 
guarantee that after customer program- 
ming the product will meet DC and 
AC specification limits. 

Reading is accomplished by placing an 
active LOW signal on CS] and CS2, 
and active HIGH signals on CS3 and 
CS4. The contents of the memory loca- 
tion addressed by the address lines 
(A0-A9) will become available on the 
output lines (O0-O7). 
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Maximum Ratings 


(Above which the useful life may be impaired. For user guidelines, not tested.) 

Storage Temperature — 65° C to + 150°C Static Discharge Voltage 

Ambient Temperature with 


Power Applied — 55°C to + 125°C 

Supply Voltage to Ground Potential 

(Pin 24 to Pin 12) -0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State —0.5V to + 7.0V 

DC Input Voltage - 3.0V to + 7.0V 

DC Program Voltage (Pins 18, 20) 14.0V 


> 1500V 

(per MIL-STD-883, Method 3015) 

Latch-up Current > 200 mA 

Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70°C 

5V ± 10% 

Military HI 

— 55°C to +125°C 

5V ± 10% 


Electrical Characteristics Over the Operating Rangel 2 ! 


Parameters 

Description 

Test Conditions 

7C281-30 

7C282-30 

7C281-45 

7C282-45 

Units 





Min. 

Max. 

Min. 

Max. 


VOH 

Output HIGH Voltage 

Vcc = Min., Ioh = —4.0 mA 

mm 




V 

VOL 

Output LOW Voltage 

Vcc = Min., Iol = 16.0 mA 


0.4 


0.4 

V 

Vih 

Input HIGH Level HI 


2.0 


2.0 


V 

VlL 

Input LOW Level HI 



0.8 


0.8 

V 

Iix 

Input Current 

GND <; Vin <i Vcc 

-10 

+ 10 

-10 

+ 10 

p,A 

VCD 

Input Diode Clamp 
Voltage 


Note 4 

Note 4 


loz 

Output Leakage Current 

Vol ^ VouT ^ Voh> Output Disabled 

-40 

+ 40 

-40 

+ 40 

jliA 

Ios 

Output Short 

Circuit Current^] 

Vcc — Max., Vqut = GND 

-20 

-90 

-20 

-90 

mA 

Icc 

Power Supply 

Vcc = Max., 

Commercial 


100 


90 

mA 

Current 

Iqut = 0 mA 

Military 




120 

mA 


Capacitance ^ 


Parameters 

Description 

Test Conditions 

Max. 

Units 

ClN 

Input Capacitance 

T a = 25°C, f = 1 MHz 

V CC = 5.0V 

5 

pF 

CqUT 

Output Capacitance 

8 


Notes: 

4. The CMOS process does not provide a clamp diode. 

However, the CY7C281 & CY7C282 are insensitive to — 3V dc input 
levels and — 5 V undershoot pulses of less than 10 ns (measured at 
50% point). 

5. For test purposes, not more than one output at a time should be 
shorted. Short circuit test duration should not exceed 30 seconds. 

6. Tested initially and after any design or process changes that may 
affect these parameters. 


1. Ta is the “instant on” case temperature. 

2. See the last page of this specification for Group A subgroup testing 
information. 

3. These are absolute voltages with respect to device ground pin and 
include all overshoots due to system and/or tester noise. Do not at- 
tempt to test these values without suitable equipment. 
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CYPRESS 

SEMICONDUCTOR 


Switching Characteristics Over the Operating Ranged- 7 1 


Parameters 

Description 

tAA 

Address to Output Valid 

tHZCS 

Chip Select Inactive to High ZM 

tACS 

Chip Select Active to Output Valid 


CY7C281-30 

CY7C282-30 


AC Test Loads and Waveforms 


CY7C281-45 

CY7C282-45 


CY7C281 

CY7C282 



INCLUDING' 
JIG AND 
SCOPE 


167 n INCLUDING' 

JIG AND 
SCOPE 


Figure 2. Input Pulses 


. 10 % 

— £5 ns 
0009-6 


Figure la 


Figure lb 


Equivalent to: THEVENIN EQUIVALENT 

100 n 


Ao-Aio 

ADDRESS 



Notes: 

7. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5V, output loading of the specified Iol/Ioh and 
loads shown in Figure la, lb. 


8- tnzcs > s tested with load shown in Figure lb. Transition is measured 
at steady state High level + 500 mV or steady state Low level + 500 
mV on the output from the 1.5V level on the input. 
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OUTPUT SINK CURRENT (mA| NORMALIZED ACCESS TIME NORMALIZED Ice 


CY7C281 

CY7C282 



Typical DC and AC Characteristics 


NORMALIZED SUPPLY CURRENT NORMALIZED SUPPLY CURRENT NORMALIZED ACCESS TIME 

vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 



SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE <“C> SUPPLY VOLTAGE (V| 


NORMALIZED ACCESS TIME OUTPUT SOURCE CURRENT TYPICAL ACCESS TIME CHANGE 

vs. TEMPERATURE vs. VOLTAGE vs. OUTPUT LOADING 



AMBIENT TEMPERATURE (‘Cl OUTPUT VOLTAGE (VI CAPACITANCE (pF) 


OUTPUT SINK CURRENT 
vs. OUTPUT VOLTAGE 



OUTPUT VOLTAGE (V) 


0009-8 



0009-9 

Figure 3. Programming Pinout 
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CY7C281 

CY7C282 



Programming Algorithm 



The CY7C281 and CY7C282 programming algorithm allows significantly faster programming than the “worst case” specification of 10 msec. 

Typical programming time for a byte is less than 2.5 msec. The use of EPROM cells allows factory testing of programmed cells, measurement of data 
retention and erasure to ensure reliable data retention and functional performance. A flowchart of the algorithm is shown in Figure 4, 

The algorithm utilizes two different pulse types: initial and overprogram. The duration of the PGM pulse (tpp) is 0. 1 msec which will then be followed by a 
longer overprogram pulse of 24 (0. 1) (X) msec. X is an iteration counter and is equal to the NUMBER of the initial 0. 1 msec pulses applied before 
verification occurs. Up to four 0. 1 msec pulses are provided before the overprogram pulse is applied. 

The entire sequence of program pulses and byte verification is performed at Vqc = 5-0. When all bytes have been programmed all bytes should be 
compared (Read mode) to original data with Vcc = 5.0V. 

Figure 4. Programming Flowchart 
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CY7C281 

CY7C282 


Programming Information 

The 7C281 and 7C282 IK x 8 CMOS PROMs are imple- 
mented with a differential EPROM memory cell. The 
PROMS are delivered in an erased state, containing neither 
“Is” nor “Os”. This erased condition of the array may be 
assessed using the “BLANK CHECK ONES” and 
“BLANK CHECK ZEROS” function, see below. 


Blank Check 

A virgin device contains neither ones nor zeros because of 
the differential cell used for high speed. To verify that a 
PROM is unprogrammed, use the two blank check modes 
provided in Table 3. In both of these modes, address and 
read locations 0 thru 1023. A device is considered virgin if 
all locations are respectively “Is” and “Os” when addressed 
in the “BLANK ONES AND ZEROS” modes. 


Because a virgin device contains neither ones nor zeros, it 
is neccessary to program both ones and zeros. It is recom- 
mended that all locations be programmed to ensure that 
ambiguous states do not exist. 

DC Programming Parameters T A = 25°C 

Table 1 


Parameter 

Description 

Min. 

Max. 

Units 

Vpp 

Programming Voltage !'! 

13.0 

14.0 

V 

Vccp 

Supply Voltage 

4.75 

5.25 

V 

Vihp 

Input HIGH Voltage 

3.0 


V 

VlLP 

Input LOW Voltage 


0.4 

V 

Voh 

Output HIGH Voltagei2l 

2.4 


V 

Vol 

Output LOW Voltage [2l 


0.4 

V 

Ipp 

Programming Supply Current 


50 

mA 


AC Programming Parameters T A = 25°c 

Table 2 


Parameter 

Description 

Min. 

Max. 

Units 

tpp 

Programming Pulse Width! 3 ! 

100 

10,000 

/us 

t A s 

Address Setup Time 

1.0 


JU.S 

tDS 

Data Setup Time 

1.0 


JUS 

t A H 

Address Hold Time 

1.0 


JUS 

tDH 

Data Hold Time 

1.0 


JUS 

tR, tF 

Vpp Rise and Fall Time! 3 ! 

1.0 


JUS 

tVD 

Delay to Verify 

1.0 


JUS 

typ 

Verify Pulse Width 

2.0 


/xs 

tDV 

Verify Data Valid 


1.0 

JUS 

tDZ 

Verify to High Z 


1.0 

JUS 


Notes: 

1. Vccp must be applied prior to Vpp. 3. Measured 10% and 90% points. 

2. During verify operation. 
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CY7C281 

CY7C282 


Mode Selection 


Table 3 


M 0( j e Read or Output Disable 

Other 

Pin Number 


Read 


Output Disable M 


Output Disable Wl 


Output Disable M 


Output Disable M 


Program 


Program Verify 


Program Inhibit 


Intelligent Program 


Blank Check Ones 


Blank Check Zeros 


Notes: 

4. X = Don’t care but not to exceed Vcc + 5%. 

Programming Sequence IK x 8 


Pin Function 

CS 4 

CS3 

CS 2 

CSi 

PGM 

VFY 

Vpp 

CSi 

( 18 ) 

( 19 ) 

(20) 

(21) 

Vih 

Vih 

Vil 

Vil 

X 

X 

Vih 

X 

X 

Vil 

X 

X 

VlL 

X 

X 

X 

X 

X 

X 

Vih 

Vilp 

Vihp 

Vpp 

Vilp 

Vihp 

Vilp 

Vpp 

Vilp 

VlHP 

Vihp 

Vpp 

Vilp 

Vilp 

Vihp 

Vpp 

Vilp 

Vpp 

Vilp 

Vilp 

Vilp 

Vpp 

Vihp 

Vilp 

Vilp 


Outputs 
(9-11, 13-17) 


Data Out 


High Z 


High Z 


High Z 


High Z 


Data In 


Data Out 


High Z 


Data In 


Ones 


Zeros 


5. During programming and verification, all unspecified pins to be at 
Vilp- 


Power the device for normal read mode operation with pin 
18, 19, 20, and 21 at Vm. Per Figure 5 take pin 20 to Vpp. 
The device is now in the program inhibit mode of operation 
with the output lines in a high impedance state; see Tables 
3 and 4. Again per Figure 5 address program and verify 
one byte of data. Repeat this for each location to be pro- 
grammed. 

If the brute force programming method is used, the pulse 
width of the program pulse should be 10 ms, and each 


location is programmed with a single pulse. Any location 
that fails to verify causes the device to be rejected. 

If the intelligent programming technique is used, the pro- 
gram pulse width should be 100 jus. Each location is ulti- 
mately programmed and verified until it verifies correctly 
up to and including 4 times. When the location verifies, one 
additional programming pulse should be applied of dura- 
tion 24 X the sum of the previous programming pulses 
before advancing to the next address to repeat the process. 


PROGRAM 
OTHER BYTES 



Figure 5. Programming Waveforms 


0009-11 
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Ordering Information 


Speed 

Ordering 

Package 

Operating 

(ns) 

Code 

Type 

Range 

30 ns 

CY7C281-30PC 

P13 

Commercial 


CY7C282-30PC 

Pll 



CY7C281-30DC 

D14 



CY7C281-30LC 

L64 



CY7C282-30DC 

D12 


45 ns 

CY7C281-45PC 

P13 

Commercial 


CY7C282-45PC 

Pll 



CY7C281-45DC 

D14 



CY7C281-45LC 

L64 



CY7C282-45DC 

D12 



CY7C281-45DMB 

D14 

Military 


CY7C281-45LMB 

L64 



CY7C282-45DMB 

D12 



CY7C281 

CY7C282 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 

Subgroups 

VOH 

1,2,3 

VOL 

1,2,3 

VlH 

1,2,3 

VlL 

1,2,3 

Iix 

1,2,3 

loz 

1,2,3 

Icc 

1,2,3 


CY7C281 

CY7C282 



Switching Characteristics 


Parameters 

Subgroups 

tAA 

7,8,9,10,11 

tACS 

7,8,9,10,11 


Document #: 38-00006-B 
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• CMOS for optimum speed/ 
power 

• Windowed for reprogrammability 

• Unique fast column access 

— 20 ns tAA (commercial) 

— 30 ns tAA (military) 

• WAIT signal 

• Chip select decoding 

• EPROM technology, 100% 
programmable 

• 5V ± 10% Vcc» commercial and 
military 

• TTL-compatible I/O 

• Slim 300-mil package 

• Capable of withstanding 
> 2001V static discharge 


The CY7C285 and the CY7C289 are 
high-performance 65,536 x 8 bit CMOS 
PROMs. The CY7C285 is available in 
a 28-pin 300-mil package. It features a 
unique fast column access feature 
which will allow access times as fast as 
25 ns for each byte in a 64-byte page. 
There are 1024 pages in the device. The 
access time when changing pages will 
be 75 ns. In order to easily facilitate the 
use of the fast column access feature, a 
WAIT signal will be generated to ad- 
vise the processor of a page change. 

The CY7C289 also incorporates the 
fast column access feature and adds 
through the use of the ALE option 
either synchronous address registers or 
asynchronous address latches. The 
CY7C289 is particularly well-suited to 
support applications using the 
CY7C601 as well as other RISC or 
CISC microprocessors. It is available in 
a 32-pin 300-mil package. 

The CY7C285 and CY7C289 offer the 
advantage of low power, superior 


performance and programming yield. 
The EPROM cell requires only 12.5V 
for the supervoltage and low current 
requirements allow for gang program- 
ming. The EPROM cells allow for each 
memory location to be 100% tested, 
with each location being written into, 
erased and repeatedly exercised prior 
to encapsulation. Each PROM is also 
tested for AC performance to guaran- 
tee that after customer programming 
the product will meet DC and AC 
specification limits. 

Reading the CY7C285 is accomplished 
by placing an active LOW signal on the 
CS pin. Reading the CY7C289 is ac- 
complished by placing an active LOW 
signal on the CE pin and by placing 
active HIGH signals on the CSi or CS2 
pins as appropriate. The contents of the 
memory location addressed by the ad- 
dress lines (A0-A15) will become avail- 
able on the output lines (O0-O7). 


Logic Block Diagram 


Pin Configurations 






CYPRESS 

SEMICONDUCTOR 


CY7C285 

PRELIMINARY CY7C289 


Selection Guide 



Description 

7C289-65 

7C285-75 

7C289-75 

Maximum Access Time (ns) 

Page Access Time 

65 

75 

75 

Column Access Time 

20 

25 

25 

Maximum Operating 

Current (mA) 


Commercial 

180 

180 

180 

Military 


200 

200 


Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature — 65°C to + 150°C 

Ambient Temperature with 

Power Applied — 55°C to + 125°C 

Supply Voltage to Ground Potential .... —0.5V to + 7.0V 
(7C285: Pin 28 to Pin 14) 

(7C289: Pin 32 to Pin 16) 

DC Voltage Applied to Outputs 

in High Z State —0.5V to + 7.0V 

DC Input Voltage — 3.0V to + 7.0V 

DC Program Voltage 13.0V 

(7C285: Pins 21, 22) 

(7C289: Pins 24, 26) 


UV Exposure 7258Wsec/cm 2 

Static Discharge Voltage > 2001V 

(per MIL-STD-883, Method 3015.2) 


Latchup Current > 200 mA 

Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to +70°C 

5V ± 10% 

Military 

— 55°C to + 125°C 

5V ± 10% 


Electrical Characteristics Over the Operating Ranged 


Parameters 

Description 

Test Conditions 

7C285-65, 75 
7C289-65, 75 

Units 

Min. 

Max. 

VOH 

Output HIGH Voltage 

Vcc = Min., Ioh = —2.0 mA 

2.4 


V 

VOL 

Output LOW Voltage 

Vcc = Min., Iol = 8.0 mA 


0.4 

V 

v m [i] 

Input HIGH Voltage 


2.0 

Vcc 

V 

VilM 

Input LOW Voltage 



0.8 

V 

Iix 

Input Load Current 

GND <S Vin < V C c 

-10 

4-10 

JU.A 

VCD 

Input Diode Clamp 
Voltage 


Note 2 


loz 

Output Leakage 

Current 

GND < Vout ^ Vcc. 

Output Disabled 

-40 

4-40 

p.A 

los 

Output Short 

Circuit Current^] 

Vcc = Max., 

Vqut = GND 

-20 

-90 

mA 

Icc 

Vcc Operating 

Supply Current 

Vcc = Max., 

Iqut = 0 mA 

Commercial 


180 

mA 

Military 


200 

mA 


Capacitance [3] 


Parameters 

Description 

Test Conditions 

Max. 

Units 

ClN 

Input Capacitance 

T a = 25°C, f = 1 MHz 

Vcc = 5.0V 

8 

pF 

CqUT 

Output Capacitance 

8 


Notes: 


These are absolute voltages with respect to device ground pin and 
include all overshoots due to system and/or tester noise. Do not at- 
tempt to test these values without suitable equipment. 

The CMOS process does not provide a clamp diode. However, the 
CY7C285 and CY7C289 are insensitive to — 3V dc input levels and 
— 5 V undershoot pulses of less than 10 ns (measured at 50% point). 


3. Tested initially and after any design or process changes that may 
affect these parameters. 

4. See the last page of this specification for Group A subgroup testing 
information. 
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CY7C285 

PRELIMINARY CY7C289 



AC Test Loads and Waveforms 



OUTPUT O 

INCLUDING 
JIG AND 
SCOPE — 



OUTPUT O 

INCLUDING 
JIG AND 
SCOPE “ 


Figure la 


Figure lb 



0146-9 

Figure 2. Input Pulses 


Equivalent to: THEVENIN EQUIVALENT 

2000 , 

OUTPUT O-VW— O 2.00V COMMERCIAL 
2500 

OUTPUT O — VW — O 1 .90V MILITARY 

0146-10 

Notes: 

5. R1 is a resistor connected from the output to Vcc and R2 is connect- 6. Note that R1 and R2 for 7C289 will be 9610 and 5100 for commer- 

ed between the output and ground for testing purposes. cial and 12500 and 5880 for military. 


Switching Characteristics Over the Operating Range (7C285) 


Parameters 

Description 

7C285-75 

7C285-85 

Units 

Min. 

Max. 

Min. 

Max. 

tRAC 

Slow Address Access Time (A 6 -A 15 ) 


75 


85 

ns 

tCAA 

Fast Address Access Time (A 0 -A 5 ) 


25 


35 

ns 

tHZCS 

Output Tristate from CS 


20 


25 

ns 

tACS 

Output Valid from CS 


20 


25 

ns 

tWD 

Wait Delay from First Slow 

Address Change 


30 


35 

ns 

tow 

Wait Hold from Data Valid 

0 


0 


ns 

tww 

Wait Recovery from Last 

Address Change 


110 


120 

ns 

tpWD 

Wait Pulse Width 

12 


15 


ns 
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SEMICONDUCTOR 


CY7C285 

PRELIMINARY CY7C289 


switching Characteristics Over the Operating Range (7C289) 


Parameters 

Description 

7C289-65 

7C289-75 

Units 

Min. 

Max. 

Min. 

Max. 

tRACl 

Slow Address Access Time (Ag-Ais) 


65 


75 

ns 

tCAAl 

Fast Address Access Time (A 0 -A 5 ) 


20 


25 

ns 

tARl 

Reg. Address Set-Up Time 

2 


4 


ns 

tRAl 

Reg. Address Hold Time 

6 


6 


ns 

tAR2 

Reg. Address Set-Up Time 

8 


10 


ns 

tRA2 

Reg. Address Hold Time 

2 


4 


ns 

tHZCS 

Output Tristate from Clock HIGH 


20 


20 

ns 

tACS 

Output Valid from Clock HIGH 


20 


20 

ns 

tpWA 

Address Reg. Pulse Width 

10 


15 


ns 

tADH 

Data Hold Time 

Commercial 

5 


5 


ns 

Military 



7 


tSCE 

Chip Enable Set-Up 

2 


4 


ns 

tHCE 

Chip Enable Hold 

6 


6 


ns 

tWDl 

Wait Delay from Clock LOW 

0 

19 

0 

25 

ns 

tWD3 

Wait Delay from Clock HIGH 

0 

16 

0 

20 

ns 

tRAC2 [7] 

Slow Address Access Time (A 6 -A 15 ) 


65 


75 

ns 

tCAA2 t7] 

Fast Address Access Time (A 0 -A 5 ) 


25 


30 

ns 

tACE^ 7] 

Output Valid from CE 


20 


25 

ns 

tHZCE [7] 

Output Tristate from CE 


20 


25 

ns 

tAL™ 

Address Set-Up Time 

5 


8 


ns 

t L A™ 

Address Hold Time 

10 


12 


ns 

tLL^ 

ALE Pulse Width 

10 


12 


ns 

tpWD^ 

Wait Pulse Width 

10 


12 


ns 

t\VD2^ 

Wait Delay from First Slow 

Address Change 


25 


30 

ns 

tDW2^ 

Wait Hold from Data Valid 

0 


0 


ns 

t\VW2^ 

Wait Recovery from Last 

Address Change 


100 


110 

ns 


'Jote: 

1. Parameters for 7C289 with ALE option enabled. 
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CY7C285 

PRELIMINARY CY7C289 



Ordering Information 


Speed 

Ordering 

Package 

Operating 

(ns) 

Code 

Type 

Range 

65 

CY7C285-65PC 

P21 

Commercial 


CY7C285-65WC 

W22 


75 

CY7C285-75PC 

P21 

Commercial 


CY7C285-75WC 

W22 



CY7C285-75DMB 

D22 

Military 


CY7C285-75WMB 

W22 



CY7C285-75LMB 

L55 



CY7C285-75QMB 

Q55 



Speed 

Ordering 

Package 

Operating 

(ns) 

Code 

Type 

Range 

65 

CY7C289-65WC 

W16 

Commercial 

75 

CY7C289-75WC 

W16 

Commercial 


CY7C289-75DMB 

D32 

Military 


CY7C289-75WMB 

W32 



CY7C289-75LMB 

L55 



CY7C289-75QMB 

Q55 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 

Subgroups 

VOH 

1,2,3 

VOL 

1,2,3 

VlH 

1,2,3 

Vil 

1,2,3 

Iix 

1,2,3 

loz 

1,2,3 

Icc 

1,2,3 

W 8] 

1,2,3 


CY7C285 

PRELIMINARY CY7C289 


Switching Characteristics 


Parameters 

Subgroups 

tAA 

7,8,9,10,11 

tACS 

7,8,9,10,11 

tACE [8] 

7,8,9,10,11 


Note: 

8. CY7C289 only. 

Document #: 38-00097-B 
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Features 


Product Characteristics 


• CMOS for optimum speed/ 
power 

• Windowed for reprogrammability 

• High speed 

— tsu = 55 ns (7C287) 

— tco = 20 ns (7C287) 

— t A A = 60 ns (7C286) 

• Low power 

— 120 mA active (7C286) 

— 40 mA standby 

• EPROM technology, 100% 
programmable 

• 5V + 10% Vcc» commercial and 
military 

• TTL compatible I/O 

• Slim 300 mil package (7C287) 

• Capable of withstanding 
> 2001V static discharge 


The CY7C286 and the CY7C287 are 
high performance 65,536 by 8 bit 
CMOS PROMs. The CY7C286 is con- 
figured in the JEDEC standard 512K 
EPROM pinout. It is available in a 28- 
pin, 600 mil package. Power consump- 
tion on the CY7C286 will be 120 mA 
in the active mode and 40 mA in the 
standby mode. Access time is 60 ns. 
The CY7C287 has registered outputs 
and operates in the synchronous mode. 
It is available in a 28-pin, 300 mil pack- 
age. The address setup time is 55 ns 
and the time from clock high to output 
valid is 20 ns. Both the CY7C286 and 
CY7C287 are available in a CERDIP 
package equipped with an erasure win- 
dow to provide reprogrammability. 
When exposed to UV light, the PROM 
is erased and can be reprogrammed. 
The memory cells utilize proven 
EPROM floating gate technology and 
byte-wide intelligent programming al- 
gorithms. 


The CY7C286 and CY7C287 offer the 
advantage of low power, superior per- 
formance and programming yield. The 
EPROM cell requires only 12.5V for 
the supervoltage and low current re- 
quirements allow for gang program- 
ming. The EPROM cells allow for each 
memory location to be 100% tested, 
with each location being written into, 
erased and repeatedly exercised prior 
to encapsulation. Each PROM is also 
tested for AC performance to guaran- 
tee that after customer programming 
the product will meet DC and AC 
specification limits. 

Reading the CY7C286 is accomplished 
by placing active LOW signals on the 
OE and CE pins. Reading the 
CY7C287 is accomplished_by placing 
an active low signal on E/Es- The con- 
tents of the memory location addressed 
by the address line (A0-A15) will be- 
come available on the output lines 
(O0-O7). 



Logic Block Diagram 


Pin Configurations 



0151-1 


CY7C286 CY7C287 



0151-6 0151-2 

LCC Pinout LCC Pinout 












CY7C286 

PRELIMINARY CY7C287 



Selection Guides 



7C286-60 

7C286-70 

Maximum Access Time (ns) 

60 

70 

Maximum Operating 

Current (mA) 

Commercial 


90 

Military 


120 



7C287-55 

7C287-65 

Maximum Set-up Time (ns) 

55 

65 

Maximum Clock to Output (ns 


20 

25 

Maximum Operating 

Current (mA) 

Commercial 

160 

150 

Military 


200 


Maximum Ratings 


(Above which the useful life may be impaired. For user guidelines, not tested.) 

Storage Temperature — 65°C to + 150°C 

Ambient Temperature with 


Power Applied — 55°C to + 125°C 

Supply Voltage to Ground Potential .... —0.5V to + 7.0V 
(Pin 28 to Pin 14) 

DC Voltage Applied to Outputs 

in High Z State -0.5V to + 7.0V 

DC Input Voltage - 3.0V to + 7.0V 

DC Program Voltage (Pins 21, 22) 13.0V 

UV Exposure 7258 Wsec/cm 2 


Static Discharge Voltage > 2001V 

(per MIL-STD-883, Method 3015.2) 

Latchup Current > 200 mA 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70°C 

5V ± 10% 

Military 

— 55°C to + 125°C 

5V ± 10% 


Electrical Characteristics Over the Operating RangeM 


Parameters 

Description 

Test Conditions 

7C286-60, 70 
7C287-55, 65 

Units 

Min. 

Max. 

VoH 

Output HIGH Voltage 

Vcc = Min., Ioh — —2.0 mA 

2.4 


V 

VoL 

Output LOW Voltage 

Vcc = Min., Iol — 8.0 mA 


0.4 

V 

VlH tl] 

Input HIGH Voltage 


2.0 

Vcc 

V 

VlL [1] 

Input LOW Voltage 



0.8 

V 

Iix 

Input Load Current 

GND ^ Vim £ Vcc 

-10 

+ 10 

juA 

VCD 

Input Diode Clamp 
Voltage 


Note 2 


loz 

Output Leakage 

Current 

GND ^ VouT ^ Vcc, 

Output Disabled 

-40 

+ 40 

ju,A 

los 

Output Short 

Circuit Current^ 

Vcc = Max., 

Vout = GND 

-20 

-90 

mA 

Icc 

Vcc Operating 

Supply Current 

Vcc — Max., 

IoUT = 0 niA 

Commercial 


120 

mA 

Military 


150 

mA 


Capacitance 


Parameters 

Description 

Test Conditions 

Max. 

Units 

ClN 

Input Capacitance 

T a = 25°C, f = 1 MHz 

Vcc = 5.0V 

8 

pF 

COUT 

Output Capacitance 

8 


Notes: 


These are absolute voltages with respect to device ground pin and 
include all overshoots due to system and/or tester noise. Do not at- 
tempt to test these values without suitable equipment. 

The CMOS process does not provide a clamp diode. However, the 
CY7C286 and CY7C287 are insensitive to — 3V dc input levels and 
- 5V undershoot pulses of less than 10 ns (measured at 50% point). 


3. Tested initially and after any design or process changes that may 
affect these parameters. 

4. See the last page of this specification for Group A subgroup testing 
information. 
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\C Test Loads and Waveforms ^ 


CY7C286 

PRELIMINARY CY7C287 


R1 

500X1 

(658X1 MIL) 


R1 

500X1 
(658X1 MIL) 


OUTPUT O 



INCLUDING 
JIG AND 
SCOPE — 


OUTPUT O 



INCLUDING 
JIG AND 
SCOPE — 


Figure la 


0151-8 

Figure lb 



Figure 2. Input Pulses 


Equivalent to: THEVENIN EQUIVALENT 

200X1 

OUTPUT O — VSAr— O 2.00V COMMERCIAL 
250X1 

OUTPUT O — VSAr-O 1 ,90V MILITARY 


0151-10 

Votes: 

i. R1 is a resistor connected from the output to Vcc and R2 is connect- 6. Note that R1 and R2 for 7C289 will be 961X1 and 5 10X1 for commer- 

ed between the output and ground for testing purposes. cial and 1250X1 and 588X1 for military. 


Switching Characteristics Over the Operating Range (7C286) 


Parameters 

Description 

7C286-60 

7C286-70 

Units 

Min. 

Max. 

Min. 

Max. 

tACC 

Address Access Time 


60 


70 

ns 

tCE 

Output Valid from CE 

Commercial 


60 


70 

ns 

Military 




80 

tOE 

Output Valid from OE 


20 


25 

ns 

tDF 

Output Tristate from CE/OE 


20 


25 

ns 

tpu 

Chip Enable to Power Up 

0 


0 


ns 

tPD 

Chip Disable to Power Down 


50 


60 

ns 


Switching Characteristics Over the Operating Range (7C287) 


Parameters 

Description 

7C287-55 

7C287-65 

Units 

Min. 

Max. 

Min. 

Max. 

tSA 

Address Set-Up to Clock HIGH 

55 


65 


ns 

tHA 

Address Hold from Clock HIGH 

0 


0 


ns 

too 

Clock HIGH to Output Valid 


20 


25 

ns 

tHZE 

Output Tristate from E 


20 


25 

ns 

tDOE 

Output Valid from E 


20 


25 

ns 

tpwc 

Clock Pulse Width 

20 


25 


ns 

tSE S 

E S Set-Up to Clock HIGH 

15 


18 


ns 

tHEg 

Es Hold from to Clock HIGH 

8 


10 


ns 

tHZC 

Output Tristate from CLK/Es 


25 


30 

ns 

tco s 

Output Valid from CLK/Es 


25 


30 

ns 
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CY7C286 

PRELIMINARY CY7C287 



Switching Waveform (7C286) 



Switching Waveform (7C287) 



0151-12 


Ordering Information 


Speed 

Ordering 

Package 

Operating 


Speed 

Ordering 

Package 

Operating 

(ns) 

Code 

Type 

Range 


(ns) 

Code 

Type 

Range 

60 

CY7C286-60PC 

P21 

Commercial 


55 

CY7C287-55PC 

P21 

Commercial 


CY7C286-60WC 

W22 




CY7C287-55WC 

W22 


70 

CY7C286-70PC 

P21 

Commercial 


65 

CY7C287-65PC 

P21 

Commercial 


CY7C286-70WC 

W22 




CY7C287-65WC 

W22 



CY7C286-70DMB 

D22 

Military 



CY7C287-65DMB 

D22 

Military 


CY7C286-70WMB 

W22 




CY7C287-65WMB 

W22 



CY7C286-70LMB 

L55 




CY7C287-65LMB 

L55 



CY7C286-70QMB 

Q55 




CY7C287-65QMB 

Q55 
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CYPRESS 

SEMICONDUCTOR 


CY7C286 

PRELIMINARY CY7C287 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 


Parameters 

Subgroups 

VOH 

1,2,3 

VOL 

1,2,3 

Vffl 

1,2,3 

VlL 

1,2,3 

Iix 

1,2,3 

loz 

1,2,3 

Icc 

1,2,3 

ISB 

1,2,3 


Switching Characteristics 


Device 

Parameters 

Subgroups 

7C287 

tSA 

7,8,9,10,11 

tHA 

7,8,9,10,11 

tco 

7,8,9,10,11 

7C286 

tAA 

7,8,9,10,11 

tCE 

7,8,9,10,11 

tDHA 

7,8,9,10,11 


Document #: 38-00103-B 
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• Windowed for reprogrammability 

• CMOS for optimum 
speed/power 

• High speed 

— 35 ns (commercial) 

— 35 ns (military) 

• Low power 

— 330 mW (commercial) 

— 413 mW (military) 

• EPROM technology 100% 
programmable 

• Slim 300 mil or standard 600 
mil packaging available 

• 5V ± 10% Vcc» commercial and 
military 

• TTL compatible I/O 

• Direct replacement for bipolar 
PROMs 


• Capable of withstanding > 2000V 
static discharge 

Product Characteristics 

The CY7C291 and CY7C292 are high 
performance 2048 word by 8 bit CMOS 
PROMs. They are functionally identi- 
cal, but are packaged in 300 mil and 
600 mil wide plastic and hermetic DIP 
packages respectively. The 300 mil ce- 
ramic DIP package is equipped with an 
erasure window; when exposed to UV 
light the PROM is erased and can then 
be reprogrammed. The memory cells 
utilize proven EPROM floating gate 
technology and byte-wide intelligent 
programming algorithms. 

The CY7C291 and CY7C292 are plug- 
in replacements for bipolar devices and 
offer the advantages of lower power, 


reprogrammability, superior perform- 
ance and programming yield. The 
EPROM cell requires only 12.5V for 
the supervoltage and low current re- 
quirements allow for gang program- 
ming. The EPROM cells allow for each 
memory location to be tested 100%, as 
each location is written into, erased, 
and repeatedly exercised prior to en- 
capsulation. Each PROM is also tested 
for AC performance to guarantee that 
after customer programming the prod- 
uct will meet DC and AC specification 
limits. 

Reading is accomplished by placing an 
active LOW signal on CSi, and active 
HIGH signals on CS2 and CS3. The 
contents of the memory location ad- 
dressed by the address lines (A0-A10) 
will become available on the output 
lines (O0-O7). 



Selection Guide 


Maximum Access Time (ns) 


Maximum Operating 
Current (mA) 



Commercial 


Military 


Commercial 


7C291-35 

7C291-50 

7C292-35 

7C292-50 

35 

50 

90 

90 

120* 

120 

60 

60 
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CY7C291 

CY7C292 


Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature — 65° C to + 150°C 

Ambient Temperature with 


Static Discharge Voltage > 2001V 


Power Applied — 55°C to + 125°C 

Supply Voltage to Ground Potential .... —0.5V to + 7.0V 
(Pin 24 to Pin 12) 

DC Voltage Applied to Outputs 

in High Z State —0.5V to + 7.0V 

DC Input Voltage — 3.0V to + 7.0V 

DC Program Voltage (Pins 18, 20) 13.0V 

UV Exposure 7258 Wsec/cm 2 


(per MIL-STD-883, Method 3015) 

Latchup Current > 200 mA 

Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70°C 

5V ± 10% 

Military M 

— 55°C to + 125°C 

5V ± 10% 


Electrical Characteristics Over the Operating Range Is] 


Parameters 

Description 

Test Conditions 

7C291L-35, 50 
7C292L-35, 50 

7C291-35, 50 
7C292-35, 50 

Units 





Min. 

Max. 

Min. 

Max. 


VoH 

Output HIGH Voltage 

Vcc = Min., Ioh 

= —4.0 mA 

2.4 


2.4 


V 

VOL 

Output LOW Voltage 

Vcc = Min., Iql 

= 16.0 mA 


0.4 


0.4 

V 

Vi H W 

Input HIGH Voltage 


2.0 

Vcc 

2.0 

Vcc 

V 

VnJ« 

Input LOW Voltage 



0.8 


0.8 

V 

Iix 

Input Load Current 

GND <; V IN < V C c 

-10 

+ 10 

-10 

+ 10 

ju.A 

VcD 

Input Diode Clamp 
Voltage 


Note 2 

Note 2 


loz 

Output Leakage 

Current 

GND < VouT ^ v cc. 

Output Disabled 

-40 

+ 40 

-40 

+ 40 

ju.A 

los 

Output Short 

Circuit Current [•! 

Vcc = Max., 

Vqut = GND 

-20 

-90 

-20 

-90 

mA 

Icc 

Vcc Operating 

Vcc — Max., 

Commercial 


60 


90 

mA 


Supply Current 

Iqut — 0 mA 

Military* 




120 

mA 


* — 35: 7C291 only 


Capacitance 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Qn 

Input Capacitance 

T a = 25°C, f = 1 MHz 

5 

pF 

CqUT 

Output Capacitance 

Vcc = 5.0V 

8 


Notes: 

1. These are absolute voltages with respect to device ground pin and 
include all overshoots due to system and/or tester noise. Do not at- 
tempt to test these values without suitable equipment. 

1 . The CMOS process does not provide a clamp diode. However, the 
CY7C291 and CY7C292 are insensitive to — 3V dc input levels and 
— 5V undershoot pulses of less than 10 ns (measured at 50% point). 


3. For test purposes, not more than one output at a time should be 
shorted. Short circuit test duration should not exceed 30 seconds. 

4. Tested initially and after any design or process changes that may 
affect these parameters. 

5. See the last page of this specification for Group A subgroup testing 
information. 


6. Ta is the “instant on” case temperature. 
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CY7C291 

CY7C292 


Switching Characteristics Over the Operating Rangels. 7] 



AC Test Loads and Waveforms 


R1 250 n R1 250fi 



0008-4 

Figure la Figure lb 




0008-6 

Figure 2. Input Pulses 



Notes: 

7. Test conditions assume signal transition times of 5 ns or less, timing 8. tnzcs is tested with load shown in Figure lb. Transition is measured 

reference levels of 1.5 V, output loading of the specified Iol/Ioh and at steady state High level — 500 mV or steady state Low level + 500 

loads shown in Figures la, lb. mV on the output from the 1.5V level on the input. 
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OUTPUT SINK CURRENT (mA) NORMALIZED ACCESS TIME NORMALIZED Ice 


CY7C291 

CY7C292 



Typical DC and AC Characteristics 


NORMALIZED SUPPLY CURRENT NORMALIZED SUPPLY CURRENT NORMALIZED ACCESS TIME 

vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 



SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) SUPPLY VOLTAGE (V) 


NORMALIZED ACCESS TIME OUTPUT SOURCE CURRENT TYPICAL ACCESS TIME CHANGE 

vs. TEMPERATURE vs. VOLTAGE vs. OUTPUT LOADING 



AMBIENT TEMPERATURE (”C) OUTPUT VOLTAGE (V) CAPACITANCE (pF) 


OUTPUT SINK CURRENT 
vs. OUTPUT VOLTAGE 



OUTPUT VOLTAGE (V) 

0008-8 
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CY7C291 

CY7C292 



Programming Algorithm 



The CY7C291 and CY7C292 programming algorithm allows significantly faster programming than the “worst case” specification of 10 msec. 

Typical programming time for a byte is less than 2.5 msec. The use of EPROM cells allows factory testing of programmed cells, measurement of data 
retention and erasure to ensure reliable data retention and functional performance. A flowchart of the algorithm is shown in Figure 4. 

The algorithm utilizes two different pulse types: initial and overprogram. The duration of the PGM pulse (tpp) is 0. 1 msec which will then be followed by a 
longer overprogram pulse of 24 (0. 1) (X) msec. X is an iteration counter and is equal to the NUMBER of the initial 0. 1 msec pulses applied before 
verification occurs. Up to four 0. 1 msec pulses are provided before the overprogram pulse is applied. 

The entire sequence of program pulses and byte verification is performed at Vccp = 5.0V. When all bytes have been programmed all bytes should be 
compared (Read mode) to original data with Vcc = 5.0V. 

Figure 4. Programming Flowchart 
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CY7C291 

CY7C292 


Programming Information 

The 7C291 and 7C292 2K x 8 CMOS PROMs are imple- 
mented with a differential EPROM memory cell. The 
PROMs are delivered in an erased state, containing neither 
“Is” nor “Os”. This erased condition of the array may be 
assessed using the “BLANK CHECK ONES” and 
“BLANK CHECK ZEROS” function, see below. 

Erasure Characteristics 

Wavelengths of light less than 4000 Angstroms begin to 
erase the 7C291. For this reason, an opaque label should be 
placed over the window if the PROM is exposed to sun- 
light or fluorescent lighting for extended periods of time. 

The recommended dose of ultraviolet light for erasure is a 
wavelength of 2537 Angstroms for a minimum dose (UV 
intensity X exposure time) of 25 Wsec/cm 2 . For an ultra- 
violet lamp with a 12 mW/cm 2 power rating the exposure 
time would be approximately 30-35 minutes. 


The 7C291 needs to be within 1 inch of the lamp during 
erasure. Permanent damage may result if the PROM is 
exposed to high intensity UV light for an extended period 
of time. 7258W X sec/cm 2 is the recommended maximum 
dosage. 

Blank Check 

A virgin device contains neither ones nor zeros because of 
the differential cell used for high speed. To verify that a 
PROM is unprogrammed, use the two blank check modes 
provided in Table 3. In each of these modes, the locations 0 
thru 2047 should be addressed and read. A device is con- 
sidered virgin if all locations are respectively “Is” and “0s” 
when addressed in the “BLANK ONES AND ZEROS” 
modes. 

Because a virgin device contains neither ones nor zeros, it 
is necessary to program both ones and zeros. It is recom- 
mended that all locations be programmed to ensure that 
ambiguous states do not exist. 


DC Programming Parameters Ta = 25°C 

Table 1 


Parameter 

Description 

Min. 

Max. 

Units 

Vpp 

Programming Voltage! 1 ! 

12.0 

13.0 

V 

Vccp 

Supply Voltage 

4.75 

5.25 

V 

Vihp 

Input HIGH Voltage 

3.0 


V 

Vilp 

Input LOW Voltage 


0.4 

V 

v OH 

Output HIGH Voltage 121 

2.4 


V 

Vol 

Output LOW Voltage! 2 ! 


0.4 

V 

Ipp 

Programming Supply Current 


50 

mA 


AC Programming Parameters T A = 25°C 

Table 2 


Parameter 

Description 

Min. 

Max. 

Units 

tpp 

Programming Pulse Width ! 3 ! 

100 

10,000 

jus 

tAS 

Address Setup Time 

1.0 


|LiS 

tDS 

Data Setup Time 

1.0 


JUS 

tAH 

Address Hold Time 

1.0 


JUS 

tDH 

Data Hold Time 

1.0 


JUS 

tR, tF 

Vpp Rise and Fall Timet 3 ! 

1.0 


JUS 

tVD 

Delay to Verify 

1.0 


JUS 

tvp 

Verify Pulse Width 

2.0 


/XS 

tDV 

Verify Data Valid 


1.0 

JUS 

tDZ 

Verify to High Z 


1.0 

JUS 


Notes: 

1. Vccp must be applied prior to Vpp. 3. Measured 10% and 90% points. 

2. During verify operation. 
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CY7C291 

CY7C292 


Mode Selection 


Table 3 


Mode 


Pin Function 

Outputs 
(9-11, 13-17) 

Read or Output Disable 

CS 3 

cs 2 

CSi 

Other 

PGM 

VFY 

Vpp 

Pin Number 

(18) 

(19) 

(20) 

Read 

Vih 

Vih 

Vil 

Data Out 

Output Disable W 

X 

X 

Vih 

High Z 

Output Disable M 

X 

VlL 

X 

High Z 

Output Disable^ 

VlL 

X 

X 

HighZ 

Program 

ViLP 

VlHP 

Vpp 

Data In 

Program Verify 

VlHP 

ViLP 

Vpp 

Data Out 

Program Inhibit 

VlHP 

VlHP 

Vpp 

HighZ 

Intelligent Program 

ViLP 

VlHP 

Vpp 

Data In 

Blank Check Ones 

Vpp 

ViLP 

ViLP 

Ones 

Blank Check Zeros 

Vpp 

VlHP 

Vilp 

Zeros 


Notes: 

4. X = Don’t care but not to exceed Vcc + 5%. 5. During programming and verification, all unspecified pins to be at 

ViLP- 


Programming Sequence 2K x 8 

Power the device for normal read mode operation with pin 
18, 19 and 20 at Vih- Per Figure 5 take pin 20 to Vpp. The 
device is now in the program inhibit mode of operation 
with the output lines in a high impedance state; see Table 3. 
Again per Figure 5 address, program, and verify one byte 
of data. Repeat this for each location to be programmed. 

If the brute force programming method is used, the pulse 
width of the program pulse should be 10 ms, and each 


location is programmed with a single pulse. Any location 
that fails to verify causes the device to be rejected. 

If the intelligent programming technique is used, the pro- 
gram pulse width should be 100 jus. Each location is ulti- 
mately programmed and verified until it verifies correctly 
up to and including 4 times. When the location verifies, one 
additional programming pulse should be applied of dura- 
tion 24 x the sum of the previous programming pulses be- 
fore advancing to the next address to repeat the process. 


PROGRAM 
OTHER BYTES 



Figure 5. Programming Waveforms 


3-142 


































































CY7C291 

CY7C292 



Ordering Information 


Speed 

(ns) 

Icc 

(mA) 

Ordering 

Code 

Package 

Type 

Operating 

Range 

35 

60 

CY7C291L-35PC 

P13 

Commercial 

CY7C291L-35WC 

W14 

90 

CY7C291-35PC 

P13 

CY7C291-35SC 

S13 

CY7C291-35WC 

W14 

CY7C291-35LC 

L64 

120 

CY7C291-35WMB 

W14 

Military 

CY7C291-35DMB 

D14 

50 

60 

CY7C291L-50PC 

P13 

Commercial 

CY7C291L-50WC 

W14 

90 

CY7C291-50PC 

P13 

CY7C291-50SC 

S13 

CY7C29 1-50WC 

W14 

CY7C291-50LC 

L64 


120 

CY7C29 1-50WMB 

W14 

Military 



CY7C291-50DMB 

D14 




CY7C29 1-50LMB 

L64 




CY7C291-50QMB 

Q64 



Speed 

(ns) 

icc 

(mA) 

Ordering 

Code 

Package 

Type 

Operating 

Range 

35 

60 

CY7C292L-35PC 

Pll 

Commercial 

CY7C292L-35DC 

D12 

90 

CY7C292-35PC 

Pll 

CY7C292-35DC 

D12 

50 

60 

CY7C292L-50PC 

Pll 

Commercial 

CY7C292L-50DC 

D12 

90 

CY7C292-50PC 

Pll 

CY7C292-50DC 

D12 

120 

CY7C292-50DMB 

D12 

Military 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 

Subgroups 

VOH 

1,2,3 

VOL 

1,2,3 

VlH 

1,2,3 

VlL 

1,2,3 

Iix 

1,2,3 

loz 

1,2,3 

Icc 

1,2,3 


CY7C291 

CY7C292 


Switching Characteristics 


Parameters 

Subgroups 

tAA 

7,8,9,10,11 

tACS 

7,8,9,10,11 


Document #: 38-00007-C 
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CY7C291A 

CY7C292A/CY7C293A 


CYPRESS 
SEMICONDUCTOR 


Reprogrammable 2048 x 8 

PROM 


Features 


• Windowed for reprogrammability 

• CMOS for optimum 
speed/power 

• High speed 

— 20 ns (commercial) 

— 25 ns (military) 

• Low power 

— 600 mW (commercial) 

— 660 mVV (military) 

• Low standby power 

— 165 mW (commercial) 

— 220 mW (military) 

• EPROM technology 100% 
programmable 

• Slim 300 mil or standard 600 
mil packaging available 

• 5V ± 10% VcC) commercial and 
military 

• TTL compatible I/O 

• Direct replacement for bipolar 
PROMs 


• Capable of withstanding > 2001V 
static discharge 

Product Characteristics 

The CY7C291A, CY7C292A, and 
CY7C293A are high performance 2048 
word by 8 bit CMOS PROMs. They 
are functionally identical, but are pack- 
aged in 300 mil (7C291A, 7C293A) 
and 600 mil wide plastic and hermetic 
DIP packages (7C292A). The 
CY7C293A has an automatic power 
down feature which reduces the power 
consumption by over 70% when dese- 
lected. The 300 mil ceramic DIP pack- 
age is equipped with an erasure win- 
dow; when exposed to UV light the 
PROM is erased and can then be repro- 
grammed. The memory cells utilize 
proven EPROM floating gate technolo- 
gy and byte-wide intelligent program- 
ming algorithms. 

The CY7C291A, CY7C292A, and 
CY7C293A are plug-in replacements 


for bipolar devices and offer the advan- 
tages of lower power, reprogrammabili- 
ty, superior performance and program- 
ming yield. The EPROM cell requires 
only 12.5V for the supervoltage and 
low current requirements allow for 
gang programming. The EPROM cells 
allow for each memory location to be 
tested 100%, as each location is written 
into, erased, and repeatedly exercised 
prior to encapsulation. Each PROM is 
also tested for AC performance to 
guarantee that after customer program- 
ming the product will meet DC and 
AC specification limits. 

Reading is accomplished by placing an 
active LOW signal on CSi, and active 
HIGH signals on CS2 and CS3. The 
contents of the memory location ad- 
dressed by the address lines (A0-A10) 
will become available on the output 
lines (O0-O7). 


Logic Block Diagram 


Ato 
A9 

A 6 1 

A 5 

a 4 


ROW 

DECODER 
1 OF 128 




128 x 128 
PROGRAMMABLE 
ARRAY 


A 3 1 

A Z 

Al— I 
Ao 


COLUMN 
DECODER 
1 OF 16 


^3 


A 

7 


8 x 1 OF 16 
MULTIPLEXER 


77 


POWER 

DOWN 

(7C293A) 


;iT‘ 


Pin Configurations 




0120-3 

Window available on 
7C291A and 7C293A 
only. 


Selection Guide 



7C291A-20 

7C292A-20 

7C293A-20 

7C291A-25 

7C292A-25 

7C293A-25 

7C291A-30 

7C292A-30 

7C293A-30 

7C291A-35 

7C292A-35 

7C293A-35 

7C291A-50 

7C292A-50 

7C293A-50 

Maximum Access Time (ns) 

20 

25 

30 

35 

50 

Maximum Operating 
Current (mA) 

STD 

Commercial 

120 

90 


90 

90 

Military 


120 

120 

90 

90 

L 

Commercial 




60 

60 

Standby Current (mA) 

7C293A Only 

Commercial 

40 

30 


30 

30 

Military 


40 

40 

40 

40 
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CY7C291A 

CY7C292A/CY7C293A 



Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature — 65°C to + 150°C 

Ambient Temperature with 


Static Discharge Voltage > 2001V 


Power Applied — 55°C to + 125°C 

Supply Voltage to Ground Potential .... —0.5V to + 7.0V 
DC Voltage Applied to Outputs 

in High Z State —0.5V to + 7.0V 

DC Input Voltage - 3.0V to + 7.0V 

DC Program Voltage 13.0V 

UV Exposure 7258 Wsec/cm 2 


(per MIL-STD-883, Method 3015) 

Latchup Current > 200 mA 

Operating Range 


Range 

Ambient 

Temperature 

v cc 

Commercial 

0°C to + 70°C 

5V + 10% 

Military W 

— 55°C to + 125°C 

5V ± 10% 


Electrical Characteristics Over the Operating Ranged 


Parameters 

Description 

Test Conditions 

7C291A-20 

7C292A-20 

7C293A-20 

7C291A-25 

7C292A-25 

7C293A-25 

7C291A-30 

7C292A-30 

7C293A-30 

7C291AL-35, 50 
7C292AL-35, 50 
7C293AL-35, 50 

itoM 

Units 


U2J 





Min. 

Max. 

Min. 

Max. 


Output HIGH Voltage 

Vcc = Min., 

Ioh = —4.0 mA 

u 

■ 

B 

■ 

B 


2.4 


D 


V 

■ 

Output LOW Voltage 

Vcc = Min., 

Iol = — 16.0 mA 


0.4 


0.4 


0.4 


0.4 


0.4 

V 

33BB 

Input HIGH Voltage 





CB3 

hub 


2.0 

Vcc 

2.0 

Vcc 

D 

BBM 

Input LOW Voltage 



BlU 


BUI 


CT 


0.8 


BEBiilB 

D 

Iix 

Input Load Current 

GND < Vjn ^ Vcc 

H 

BBB1 

m 

Ml 

1 

Hi 

-10 

+ 10 

-10 

+ 10 

fiA 

n 

Input Diode Clamp 
Voltage 


Note 2 

Note 2 

Note 2 

Note 2 

Note 2 


loz 

Output Leakage 

Current 

GND <; Vqut ^ Vcc, 
Output Disabled 

-10 

+ 10 

-10 

+ 10 

-10 

+ 10 

-10 

+ 10 

-10 

+ 10 

fiA 

los 

Output Short 

Circuit Current hi 

Vcc = Max., 

Vqut = GND 

-20 

-90 

-20 

-90 

-20 

-90 

-20 

-90 

-20 

-90 

mA 

Icc 

Vcc Operating 

Supply Current 

Vcc = Max., 
Iout = 0 mA 



Commercial 


120 


EB 




60 


90 


Military 




BEfil 


□ 




90 

ESS 

ISB 

BMW 

3 

Commercial 


d 


m 




30 


30 

EH 

Military 




d 


O 




40 

IB 


Capacitance W 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Cin 

Input Capacitance 

T A = 25°C, f = 1 MHz 

V cc = 5.0V 

5 

pF 

Cqut 

Output Capacitance 

8 


Notes: 


1 . These are absolute voltages with respect to device ground pin and 
include all overshoots due to system and/or tester noise. Do not at- 
tempt to test these values without suitable equipment. 

2. The CMOS process does not provide a clamp diode. However, the 
CY7C291 A, CY7C292A and CY7C293A are insensitive to - 3V dc 
input levels and — 5 V undershoot pulses of less than 10 ns (measured 
at 50% point). 


3. For test purposes, not more than one output at a time should be 
shorted. Short circuit test duration should not exceed 30 seconds. 

4. Tested initially and after any design or process changes that may 
affect these parameters. 

5. Ta is the “instant on” case temperature. 

6. See the last page of this specification for Group A subgroup testing 
information. 


3-146 





























































































CYPRESS 

SEMICONDUCTOR 


CY7C291A 

CY7C292A/CY7C293A 


Switching Characteristics Over the Operating Rangel 6 - 


Parameters 

Description 

tAA 

Address to Output Valid 

tHZCSi 

Chip Select Inactive to High Z® 

tACSi 

Chip Select Active to Output Valid 

tHZCS2 

Chip Select Inactive to High Zl9] 
(7C293ACSi Only) 

tACS2 

Chip Select Active to Output Valid 
(7C293ACSi Only) [91 

tpu 

Chip Select Active to Power Up 
(7C293A CSi Only) 

tPD 

Chip Select Inactive to Power Down 
(7C293A CSj Only) 


7C291A-20 7C291A-25 7C291A-30 

7C292A-20 7C292A-25 7C292A-30 

7C293A-20 7C293A-25 7C293A-30 



Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

20 


25 


30 


35 


50 

15 


20 


20 


25 


25 

15 


20 


20 


25 


25 

22 


27 


32 


35 


45 

22 


27 


32 


35 


45 


0 


0 


0 


0 


22 


27 


32 




45 


AC Test Loads and Waveforms 



k- 

Figure 2. Input Pulses 


- 10 % 

i £5 ns 

0120-5 


Figure la 

Equivalent to: THEVENIN EQUIVALENT 

100 n 


Figure lb 


V cc 
SUPPLY 
CURRENT 


CS2"CSj 



Notes: 

7. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5V, output loading of the specified Iol/Toh and 
loads shown in Figures la, lb. 


8. *HZCS is tested with load shown in Figure lb. Transition is measured 
at steady state High level — 500 mV or steady state Low level + 500 
mV on the output from the 1.5V level on the input. 

9- tHZCS 2 and tACS 2 refer to 7C293A CSj only. 
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OUTPUT SINK CURRENT (mA| NORMALIZED ACCESS TIME NORMALIZED Ice 


CY7C291A 

CY7C292A/CY7C293A 



Typical DC and AC Characteristics 


NORMALIZED SUPPLY CURRENT NORMALIZED SUPPLY CURRENT NORMALIZED ACCESS TIME 

vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 



SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) SUPPLY VOLTAGE (V) 


NORMALIZED ACCESS TIME OUTPUT SOURCE CURRENT TYPICAL ACCESS TIME CHANGE 

vs. TEMPERATURE vs. VOLTAGE vs. OUTPUT LOADING 



AMBIENT TEMPERATURE (°C) OUTPUT VOLTAGE (V) CAPACITANCE (pF) 


OUTPUT SINK CURRENT 
vs. OUTPUT VOLTAGE 



OUTPUT VOLTAGE (V) 

0120-9 



3-148 










CYPRESS 

SEMICONDUCTOR 


CY7C291A 

CY7C292A/CY7C293A 


Programming Algorithm 



x= o 



PASS 


| GOOD 

DEVICE | 



| V PP= 

: 5.0V | 

1 


I V cc =0.0V, STOP j 


DEVICE FAIL 


INCREMENT 

ADDRESS 


| LAST ADDRESS? | 

1 

YES 

f 

VERIF 
WORDS 
V CC = 42 

Y ALL 

ATV CC 

5V, 5.5V 


0120-8 


The CY7C291A, CY7C292A and CY7C293A programming algorithm allows significantly faster programming than the “worst case” specification of 10 
ms. 

Typical programming time for a byte is 1.0 ms. The use of EPROM cells allows factory testing of programmed cells, measurement of data retention and 
erasure to ensure reliable data retention and functional performance. A flowchart of the algorithm is shown in Figure 4. 

The algorithm utilizes two different pulse types: initial and overprogram. The duration of the PGM pulse (tpp) is 0.2 ms which will then be followed by a 
longer overprogram pulse of 4 (0.2) (X) ms. X is an iteration counter and is equal to the NUMBER of the initial 0.2 ms pulses applied before verification 
occurs. Up to 10 (0.2) ms pulses are provided before the overprogram pulse is applied. 

The entire sequence of program pulses and byte verification is performed at Vccp = 5.0V. When all bytes have been programmed all bytes should be 
compared (Read mode) to original data with Vcc = 4.5V and 5.5V. 

Figure 4. Programming Flowchart 
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Programming Information 

The 7C291A, 7C292A and 7C293A 2K x 8 CMOS 
PROMs are implemented with a single ended EPROM 
memory cell. The PROMs are delivered in an erased 
state, containing “Os”. To verify that a PROM is unpro- 
grammed, use the verify mode provided in Table 3. The 
locations 0 thru 2047 should be addressed and read. 


Erasure Characteristics 

Wavelengths of light less than 4000 Angstroms begin to 
erase these PROMs. For this reason, an opaque label 
should be placed over the window if the PROM is exposed 


CY7C291A 

CY7C292A/CY7C293A 


to sunlight or fluorescent lighting for extended periods of 
time. 

The recommended dose of ultraviolet light for erasure is a 
wavelength of 2537 Angstroms for a minimum dose (UV 
intensity X exposure time) of 25 Wsec/cm 2 . For an ultra- 
violet lamp with a 12 mW/cm 2 power rating the exposure 
time would be approximately 30-35 minutes. 

These PROMs need to be within 1 inch of the lamp during 
erasure. Permanent damage may result if the PROM is 
exposed to high intensity UV light for an extended period 
of time. 7258W X sec/ cm 2 is the recommended maximum 
dosage. 


DC Programming Parameters Ta = 25°C 

Table 1 


Parameter 

Description 

Min. 

Max. 

Units 

Vpp 

Programming Voltage tH 

12.0 

13.0 

V 

Vccp 

Supply Voltage 

4.75 

5.25 

V 

Vihp 

Input HIGH Voltage 

3.0 


V 

VlLP 

Input LOW Voltage 


0.4 

V 

Voh 

Output HIGH Voltage t 2 ! 

2.4 


V 

Vol 

Output LOW Voltage t 2 ! 


0.4 

V 

Ipp 

Programming Supply Current 


50 

mA 


AC Programming Parameters t a = 25°C 

Table 2 


Parameter 

Description 

Min. 

Max. 

Units 

tpp 

Programming Pulse Width^ 

100 

10,000 

/AS 

tAS 

Address Setup Time 

1.0 


JUS 

tDS 

Data Setup Time 

1.0 


/AS 

tAH 

Address Hold Time 

1.0 


/AS 

tDH 

Data Hold Time 

1.0 


JUS 

tR, tF 

Vpp Rise and Fall Timet 3 ! 

1.0 


JUS 

tVD 

Delay to Verify 

1.0 


JU.S 

typ 

Verify Pulse Width 

2.0 


/AS 

tDV 

Verify Data Valid 


1.0 

/AS 

tDZ 

Verify to High Z 


1.0 

jXS 


Notes: 

1. Vccp must be applied prior to Vpp. 3. Measured 10% and 90% points. 

2. During verify operation. 
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Mode Selection 

Table 3 




Pin Function 


Mode 

Read or Output Disable 

CS 3 

CS 2 

CSi 

Outputs 

Other 

PGM 

VFY 

Vpp 

(9-11, 13-17) 


Pin Number 

(18) 

(19) 

(20) 


Read 

Vih 

Vih 

Vil 

Data Out 

Output Disable M 

X 

X 

Vih 

High Z 

Output Disable! 4 ! 

X 

Vil 

X 

High Z 

Output Disable! 4 ! 

Vil 

X 

X 

High Z 

Program 

VlLP 

VlHP 

Vpp 

Data In 

Program Verify 

VlHP 

VlLP 

Vpp 

Data Out 

Program Inhibit 

VlHP 

VlHP 

Vpp 

High Z 

Intelligent Program 

VlLP 

VlHP 

Vpp 

Data In 


Notes: 


4. X = Don't care but not to exceed Vcc + 5%. 5. During programming and verification, all unspecified pins to be at 

Vilp- 


Programming Sequence 2K x 8 

Power the device for normal read mode operation with pin 
18, 19 and 20 at Vih- Per Figure 5 take pin 20 to Vpp. The 
device is now in the program inhibit mode of operation 
with the output lines in a high impedance state; see Table 3. 
Again per Figure 5 address, program, and verify one byte 
of data. Repeat this for each location to be programmed. 

If the brute force programming method is used, the pulse 
width of the program pulse should be 10 ms, and each 


location is programmed with a single pulse. Any location 
that fails to verify causes the device to be rejected. 

If the intelligent programming technique is used, the pro- 
gram pulse width should be 200 jus. Each location is ulti- 
mately programmed and verified until it verifies correctly 
up to and including 10 times. When the location verifies, 
one additional programming pulse should be applied of du- 
ration 4 x the sum of the previous programming pulses 
before advancing to the next address to repeat the process. 


PROGRAM 
OTHER BYTES 



Figure 5. Programming Waveforms 


0120-11 
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Ordering Information 


Speed 

Icc 

Ordering 

Package 

Operating 

(ns) 

(mA) 

Code 

Type 

Range 

20 

120 

CY7C291A-20PC 

P13 

Commercial 



CY7C291A-20WC 

W14 




CY7C292A-20PC 

Pll 




CY7C292A-20DC 

D12 




CY7C293A-20PC 

P13 




CY7C293A-20WC 

W14 


25 

120 

CY7C29 1 A-25PC 

P13 

Commercial 



CY7C291A-25WC 

W14 




CY7C292A-25PC 

Pll 




CY7C292A-25DC 

D12 




CY7C293A-25PC 

P13 




CY7C293A-25WC 

W14 




CY7C291A-25DMB 

D14 

Military 



CY7C291A-25WMB 

W14 




CY7C291A-25LMB 

L64 




CY7C291A-25QMB 

Q64 




CY7C292A-25DMB 

D12 




CY7C293A-25DMB 

D14 




CY7C293A-25WMB 

W14 




CY7C293A-25LMB 

L64 




CY7C293A-25QMB 

Q64 


30 

120 

CY7C29 1 A-30DMB 

D14 

Military 



CY7C291A-30WMB 

W14 




CY7C291A-30LMB 

L64 




CY7C291A-30QMB 

Q64 




CY7C292A-30DMB 

D12 




CY7C293A-30DMB 

D14 




CY7C293A-30WMB 

W14 




CY7C293A-30LMB 

L64 




CY7C293A-30QMB 

Q64 


35 

60 

CY7C29 1 AL-35PC 

P13 

Commercial 



CY7C291AL-35WC 

W14 




CY7C292AL-35PC 

Pll 




CY7C293AL-35PC 

P13 




CY7C293AL-35WC 

W14 



90 

CY7C291A-35PC 

P13 

Commercial 



CY7C291A-35DC 

D14 




CY7C291A-35WC 

W14 




CY7C291A-35LC 

L64 



CY7C291A 

CY7C292A/CY7C293A 


Speed 

Icc 

Ordering 

Package 

Operating 

(ns) 

(mA) 

Code 

Type 

Range 

35 

90 

CY7C292A-35PC 

Pll 

Commercial 



CY7C292A-35DC 

D12 




CY7C293A-35PC 

P13 




CY7C293A-35DC 

D14 




CY7C293A-35WC 

W14 




CY7C293A-35LC 

L64 



120 

CY7C291A-35DMB 

D14 

Military 



CY7C291A-35WMB 

W14 




CY7C291A-35LMB 

L64 




CY7C291A-35QMB 

Q64 




CY7C292A-35DMB 

D12 




CY7C293A-35DMB 

D14 




CY7C293A-35WMB 

W14 




CY7C293A-35LMB 

L64 




CY7C293A-35QMB 

Q64 


50 

60 

CY7C291AL-50PC 

P13 

Commercial 



CY7C291AL-50WC 

W14 




C Y7 C292 AL-50PC 

Pll 




CY7C293AL-50PC 

P13 




CY7C293AL-50WC 

W14 



90 

CY7C291A-50PC 

P13 

Commercial 



CY7C291A-50DC 

D14 




CY7C291A-50WC 

W14 




CY7C291A-50LC 

L64 




CY7C292A-50PC 

Pll 




CY7C292A-50DC 

D12 




CY7C293A-50PC 

P13 




CY7C293A-50DC 

D14 




CY7C293A-50WC 

W14 




CY7C293A-50LC 

L64 



120 

CY7C291A-50DMB 

D14 

Military 



CY7C291A-50WMB 

W14 




CY7C291A-50LMB 

L64 




CY7C29 1 A-50QMB 

Q64 




CY7C292A-50DMB 

D12 




CY7C293A-50DMB 

D14 




CY7C293A-50WMB 

W14 




CY7C293A-50LMB 

L64 




CY7C293A-50QMB 

Q64 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 

Subgroups 

VOH 

1,2,3 

VOL 

1,2,3 

VlH 

1,2,3 

Vil 

1,2,3 

Iix 

1,2,3 

loz 

1,2,3 

Icc 

1,2,3 


1,2,3 


CY7C291A 

CY7C292A/CY7C293A 



Switching Characteristics 


Parameters 

Subgroups 

tAA 

7,8,9,10,11 

tACSl ll] 

7,8,9,10,11 

tACS2 [2] 

7,8,9,10,11 


Notes: 

1. 7C291A and 7C292A only. 

2. 7C293A only. 

Document #: 38-00075-C 
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PROM Programming Information 


Introduction 

PROMs or Programmable Read Only Memories have ex- 
isted since the early 1970’s and continue to provide the 
highest speed non-volatile form of semiconductor memory 
available. Until the introduction of CMOS PROMs from 
Cypress, all PROMs were produced in bipolar technology, 
because bipolar technology provided the highest possible 
performance at an acceptable cost level. All bipolar 
PROMs use a fuse for the programming element. The fuses 
are in tact when the product is delivered to the user, and 
may be programmed or written once with a pattern and 
used or read infinitely. The fuses are literally blown using a 
high current supplied by a Programming System. Since the 
fuses may only be blown or programmed once, they may 
not be programmed during test. In addition, since they 
may not be programmed until the user determines the pat- 
tern, they may not be completely tested prior to shipment 
from the supplier. This inability to completely test, results 
in less than 100% yield during programming and use by 
the customer for two reasons. First, some percentage of the 
product fails to program. These devices fall out during the 
programming operation, and although a nuisance are easily 
identified. Additional yield is lost because the device fails 
to perform even though it programs correctly. This failure 
is normally due to the device being too slow. This is a more 
subtle failure, and can only be found by 100% post pro- 
gram AC testing, or even worse by trouble shooting an 
assembled board or system. 

Cypress CMOS PROMs use an EPROM programming 
mechanism. This technology has been in use in MOS tech- 
nologies since the early 1970s. However, as with most 
MOS technologies the emphasis has been on density, not 
performance. CMOS at Cypress is as fast as or faster than 
Bipolar and coupled with EPROM, becomes a viable alter- 
native to bipolar PROMs from a performance point-of- 
view. In the arena of programming, EPROM has some 
significant advantages over fuse technology. EPROM cells 
are programmed by injecting charge on an isolated gate 
which permanently turns off the transistor. This mecha- 
nism can be reversed by irradiating the device with ultravi- 
olet light. The fact that programming can be erased, totally 
changes the testing and programming situation and philos- 
ophy. All cells can be programmed during the manufactur- 
ing process and then erased prior to packaging and subse- 
quent shipment. While these cells are programmed, the 
performance of each cell in the memory can be tested al- 
lowing the shipment of devices that program every time, 
and will perform as specified when programmed. In addi- 
tion when these devices are supplied in a windowed pack- 
age they can be programmed and erased indefinitely pro- 
viding the designer a RE-PROGRAMMABLE PROM for 
development. 

Programmable Technology 

EPROM Process Technology 

EPROM technology employs a floating or isolated gate 
between the normal control gate and the source/drain re- 
gion of a transistor. This gate may be charged with elec- 
trons during the programming operation and when 
charged with electrons, the transistor is permanently 
turned off. When uncharged (the transistor is unpro- 
grammed) the device may be turned on and off normally 


with the control gate. The state of the floating gate, 
charged or uncharged, is permanent because the gate is 
isolated in an extremely pure oxide. The charge may be 
removed if the device is irradiated with ultraviolet energy 
in the form of light. This ultraviolet light allows the elec- 
trons on the gate to recombine and discharge the gate. This 
process is repeatable and therefore can be used during the 
processing of the device repeatedly if necessary to assure 
programming function and performance. 

Two Transistor Cells 

In order to provide an EPROM cell that is as fast as the 
fuse technology employed in bipolar processes, Cypress 
uses a two transistor EPROM cell. One transistor is opti- 
mized for reliable programming, and one transistor is opti- 
mized for high speed. The floating gates are connected 
such that charge injected on the floating gate of the pro- 
gramming transistor is conducted to the read transistor, 
biasing it off. 

Differential Memory Cells 

In the 4K (CY7C225); 8K (CY7C235, CY7C281, 
CY7C282); and 16K (CY7C245, CY7C291, CY7C292) 
CMOS PROMs, Cypress employs a differential memory 
cell and sense amplifier technique. Higher density devices 
such as the 7C261, 7C263, 7C264 or 7C269 64K PROMs 
employ a single ended Cell and sense amplifier technique 
similar to the approach used in more conventional 
EPROMs. 

In a conventional high density EPROM a single EPROM 
transistor is used to switch the input to one side of a differ- 
ential sense amplifier. The other side of the sense amplifier 
is biased at an intermediate level with a dummy cell. An 
unprogrammed EPROM transistor will conduct and drive 
the sense amplifier to a logic “0”. A programmed EPROM 
transistor will not conduct, and consequently drives the 
sense amplifier to a logic “1”. A conventional EPROM cell 
therefore is delivered with a specific state “0” or “1” in it 
depending on the number of inversions after the sense am- 
plifier and can always be programmed to the opposite state. 
Access time in this conventional approach is heavily depen- 
dent on the time the selected EPROM transistor takes to 
move the input of the sense amplifier from a quiescent con- 
dition to the threshold that the dummy cell is biasing the 
second input to the sense amplifier. This bias is several 
volts, and requires a significant delay before the sense am- 
plifier begins to react. 

Cypress PROMs employ a true differential cell approach, 
with EPROM cells attached to both inputs of the sense 
amplifier. As indicated above, the read transistor which is 
optimized for speed is actually the transistor attached to 
the sense amplifier. In the erased state, both EPROM tran- 
sistors conduct when selected eccentrically biasing the in- 
put of the sense amplifier at the same level. If the inputs 
were at identical levels, the output of the sense amplifier 
would be in a mestastable condition or, neither a “1” nor 
“0”. In actual practice the natural bias and high gain of the 
sense amplifier combine to cause the output to favor one or 
the other stable conditions. The difference between the two 
conditions is however only a few millivolts and the memo- 
ry cell should be considered to contain neither a “1” nor a 
“0”. As a result of this design approach, the memory cell 
must be programmed to either a “1” or a “0” depending on 
the desired condition and the conventional BLANK 
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CHECK mechanism is invalid. The benefit of the approach 
however is that only a small differential signal from the cell 
begins the sense amplifier switching and the access time of 
the memory is extremely fast. 

Single Ended Memory Cells 

Although a more conventional approach, single ended 
memory cells and sensing techniques offer a superior trade- 
off between die size and performance than the differential 
cell for devices of 64K densities and above. The Single 
ended technique employed by Cypress uses a dummy cell 
for the reference voltage thus providing a reference that 
tracks the programmed cell in process related parameters, 
power supply and temperature induced variations. The 
Memory cell used is a second generation two transistor cell 
derived from earlier work at the 16K density level. It has 
an optimized READ transistor that is matched to the sense 
amplifier, and a second transistor optimized for program- 
ming. The floating gates of the two transistors that make 
up a memory cell are connected electrically so that the 
charge programmed onto one device controls the threshold 
of the second transistor. 

Unlike the differential memory approach, the erased single 
ended device contains all “0”s and on the the ones are 
programmed. Therefore a “1” on the data pins during pro- 
gramming causes a “1” to be programmed into the ad- 
dressed location. 

Programming Algorithm 

Byte Addressing and Programming 

All Cypress CMOS PROMs are addressed and pro- 
grammed on a byte basis unlike the bipolar products that 
they replace. The address lines used to access the memory 
in a read mode are the same for programming, and the 
address map is identical. The information to be pro- 
grammed into each byte is presented on the data out pins 
during the programming operation and the data is read 
from these same pins for verification that the byte has been 
programmed. 

Blank Check for Differential Cells 

Since a differential cell contains neither a “1” nor a “0” 
before it is programmed, the conventional BLANK 
CHECK is not valid. For this reason, all Cypress CMOS 
PROMs contain a special BLANK CHECK mode of oper- 
ation. Blank check is performed by separately examining 
the “0” and “1” sides of the differential memory cell to 
determine whether either side has been independently pro- 
grammed. This is accomplished in two passes one compar- 
ing the “0” side of the differential cell against a reference 
voltage applied to the opposite side of the sense amplifier 
and then repeating this operation for the “l”s side of the 
cell. The modes are called BLANK CHECK ONES, and 
BLANK CHECK ZEROS. These modes are entered by 
the application of a supervoltage to the device. 

Blank Check for Single Ended Cells 

Single ended cells BLANK CHECK in a conventional 
manner. An erased device contains all “0”s and a pro- 
grammed call will contain a “1”. Cypress PROMs that use 
the single ended approach provide a specific mode to per- 
form the BLANK CHECK which also provides the verify 


function. This makes the need to switch high voltages un- 
necessary during the program verify operation. See specific 
data sheets for details. 

Programming the Data Array 

Programming is accomplished by applying a supervoltage 
to one pin of the device causing it to enter the program- 
ming mode of operation. This also provides the program- 
ming voltage for the cells to be programmed. In this mode 
of operation, the address lines of the device are used to 
address each location to be programmed, and the data is 
presented on the pins normally used for reading the con- 
tents of the device. Each device has a READ and a 
WRITE pin in the programming mode. These are active 
low signals and cause the data on the output pins to be 
written into the addressed memory location in the case of 
the WRITE signal or read out of the device in the case of 
the READ signal. When both the READ and WRITE sig- 
nals are high, the outputs are disabled and in a high imped- 
ance state. Programming therefore is accomplished by 
placing data on the output pins, and writing it into the 
addressed location with the WRITE signal. Verification of 
data is accomplished by reading the information on the 
output pins while the READ signal is active. 

The timing for actual programming is supplied in the 
unique programming specification for each device. 

Special Features 

Depending on the specific CMOS PROM in question, ad- 
ditional features that require programming may be avail- 
able to the designer. Two of these features are a Program- 
mable INITIAL BYTE and Programmable SYNCHRO- 
NOUS/ASYNCHRONOUS ENABLE available in some 
of the registered devices. Like programming the array, 
these features make use of EPROM cells and are pro- 
grammed in a similar manner, using supervoltages. The 
specific timing and programming requirements are speci- 
fied in the data sheet of the device employing the feature. 

Programming Support 

Programming support for Cypress CMOS PROMs is avail- 
able from a number of programmer manufacturers, some 
of which are listed below. 

Data I/O Corporation 
10525 Willows Rd. N.E. 

P.O. Box 97046 
Redmond, WA 
98073-9746 
(206) 881-6444 


Data I/O 29B Unipak II 

Cypress 

Generic 

Family Code 

Revision 

Part Number 

Part Number 

and Pinout 

CY7C225 

27S25 

F0 

B6 

V12 

CY7C235 

27S35 

F0 

B5 

V09 

CY7C245 

27S45A 

F0 

B0 

V09 

CY7C261/3/4 

27S49 

EF 

31 

Vll 

CY7C281/2 

27S28 1/1 8 1 

EE 

B4 

V09 

CY7C291/2 

27S29 1/1 9 1 

F2 

AF 

V09 
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Stag Microsystems 
1600 Wyatt Dr. 

Santa Clara, CA 95054 
(408) 988-1118 


Stag PPZ Zm2000 

Cypress 

Part Number 

Generic 

Part Number 

Family Code 
and Pinout 

Revision 

CY7C225 

27S25 


Rev 21 

CY7C235 

27S35 

Menu 

Driven 

Rev 21 

CY7C245 

27S45A 

Rev 24 

CY7C281/2 

27S28 1/1 8 1 

Rev 21 

CY7C291/2 

27S29 1/191 


Rev 21 


Cypress Semiconductor, Inc. 
3901 North First St. 

San Jose, CA 95134 
(408) 943-2600 


Cypress CY3000 QuickPro Rev. PROM 2.10 

Cypress 

Generic 

Family Code 

Part Number 

Part Number 

and Pinout 

CY7C225 

CY7C235 

CY7C245 

CY7C26 1/3/4 

Menu 

Menu 

CY7C268 

CY7C269 

CY7C281/2 

CY7C291/2 

Driven 

Driven 
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Introduction to CMOS EPLDs 


Cypress EPLD Family Features 

Cypress Semiconductor’s EPLD family offers the user the 
next generation in Erasable Programmable Logic Devices 
(EPLD) based on our high performance 0.8/x CMOS pro- 
cess. These devices offer the user the power saving of a 
CMOS-based process, with delay times equivalent to those 
previously found only in bipolar devices. No fuses are used 
in Cypress’ EPLD family, rather all devices are based on 
an EPROM cell to facilitate programming. By using an 
EPROM cell instead of fuses, programming yields of 100% 
can be expected since all devices are functionally tested and 
erased prior to packaging. Therefore, no programming 
yield loss can be expected by the user. 

The EPROM cell used by Cypress serves the same purpose 
as the fuse used in most bipolar PLD devices. Before pro- 
gramming, the AND gates or Product Terms are connect- 
ed via the EPROM cells to both the true and complement 
inputs. When the EPROM cell is programmed, the inputs 
from a gate or Product Term are disconnected. Program- 
ming alters the transistor threshold of each cell so that no 
conduction can occur, which is equivalent to disconnecting 
the input from the gate or Product Terms. This is similar 
to “blowing” the fuses of a bipolar device which discon- 
nects the input gate from the Product Term. Selective pro- 
gramming of each of these EPROM cells enables the spe- 
cific logic function to be implemented by the user. 

The programmability of Cypress’ EPLDs allows the users 
to customize every device in a number of ways to imple- 
ment their unique logic requirements. Using EPLDs in 
place of SSI or MSI components results in more effective 
utilization of boardspace, reduced cost and increased reli- 


ability. The flexibility afforded by these EPLDs allows the 
designer to quickly and effectively implement a number of 
logic functions ranging from random logic gate replace- 
ment to complex combinatorial logic functions. 

The EPLD family implements the familiar “sum of prod- 
ucts” logic by using a programmable AND array whose 
output terms feed a fixed OR array. The sum of these can 
be expressed in a Boolean transfer function and is limited 
only by the number of product terms available in the 
AND-OR array. A variety of different sizes and architec- 
tures are available. This allows for more efficient logic opti- 
mization by matching input, output and product terms to 
the desired application. 

EPLD Notation 

To reduce confusion and to have an orderly way of repre- 
senting the complex logic networks, logic diagrams are 
provided for the various part types. In order to be useful, 
Cypress logic diagrams employ a common logic convention 
that is easy to use. Figure 1 shows the adopted convention. 
In Figure 1, an “x” represents an unprogrammed EPROM 
cell that is used to perform the logical AND operation 
upon the input terms. The convention adopted does not 
imply that the input terms are connected on the common 
line that is indicated. A further extension of this conven- 
tion is shown in Figure 2 which shows the implementation 
of a simple transfer function. The normal logic representa- 
tion of the transfer function logic convention is shown in 
Figure 3. 


ABC 
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Introduction to CMOS EPLDs (Continued) 


PLD Circuit Configurations 

Cypress EPLDs have several different output configura- 
tions that cover a wide spectrum of applications. The avail- 
able output configurations offer the user the benefits of 
both lower package counts and reduced costs when used. 
This approach allows the designer to select a PLD that best 
fits the needs of his application. An example of some of the 
configurations that are available are listed below. 

Programmable I/O 

Figure 4 illustrates the programmable I/O offered in the 
Cypress EPLD family which allows product terms to di- 
rectly control the outputs of the device. One product term 
is used to directly control the three-state output buffer, 
which then gates the summation of the remaining terms to 
the output pin. The output of this summation can be fed 
back into the PLD as an input to the array. This program- 
mable I/O feature allows the PLD to drive the output pin 
when the three-state output is enabled or, the I/O pin can 
be used as an input to the array when the three-state output 
is disabled. 

Registered Outputs with Feedback 

Figure 5 illustrates the registered outputs offered on a 
number of the Cypress EPLDs which allow any of these 
circuits to function as a state sequencer. The summation of 
the product terms is stored in the D-type output flip-flop 
on the rising edge of the system clock. The Q output of the 
flip-flop can then be gated to the output pin by enabling the 
three-state output buffer. The output of the flip-flop can 
also be fed back into the array as an input term. The output 
feedback feature allows the PLD to remember and then 
alter its function based upon that state. This circuit can be 
used to execute such functions as counting, skip, shift and 
branch. 

Programmable Macro Cell 

The Programmable Macro Cell, illustrated in Figure 10, 
provides the capability of defining the architecture of each 
output individually. Each of the potential outputs may be 
specified to be “REGISTERED” or “COMBINATORI- 
AL”. Polarity of each output may also be individually se- 
lected allowing complete flexibility of output configuration. 
Further configurability is provided through “ARRAY” 
configurable “OUTPUT ENABLE” for each potential out- 
put. This feature allows the outputs to be reconfigured as 
inputs on an individual basis or alternately used as a bidi- 
rectional I/O controlled by the programmable array. 

Buried Register Feedback 

The CY7C330 and CY7C331 EPLDs provide registers 
which may be “buried” or “hidden” by electing feedback 


of the register output. These buried registers, which are 
useful in state machines, may be implemented without sac- 
rificing the use of the associated device pin as an input. In 
previous PLDs, when the feedback path was activated, the 
input pin-path to the logic array was blocked. The proprie- 
tary CY7C330 reprogrammable synchronous state ma- 
chine macrocell illustrates, in Figure 7, the shared input 
multiplexer, which provides an alternative input path for 
the I/O pin associated with a buried macrocell register. 
Each pair of macrocells shares an input multiplexer and as 
long as alternate macrocells are buried, up to six of the 
twelve output registers can be buried without the loss of 
any I/O pins as inputs. The CY7C330 also contains four 
dedicated hidden macrocells with no external output, illus- 
trated in Figure 8, that are used as additional state registers 
for creating high-performance state machines. 

Asynchronous Register Control 

Cypress also offers EPLDs which may be used in asynchro- 
nous systems in which register clock, set and reset are con- 
trolled by the outputs of the product term array. The clock 
signal is created by the processing of external inputs 
and/or internal feedback by the logic of the product term 
array which is then routed to the register clock. The regis- 
ter set and reset are similarly controlled by product term 
outputs and can be triggered at any time independent of 
the register clock in response to external and/or feedback 
inputs processed by the logic array. The proprietary 
CY7C331 Asynchronous Registered EPLD, for which the 
I/O macrocell is illustrated in Figure 9, is an example of 
such a device. The register clock, set and reset functions of 
the CY7C331 are all controlled by product terms and en- 
able their respective functions dependent only on input sig- 
nal timing and combinatorial delay through the device log- 
ic array. 

Input Register Cell 

Other Cypress EPLDs provide input register cells which 
allow capture for processing of short duration inputs which 
would not otherwise be present at the inputs for sufficient 
time to allow the device to respond. Both the proprietary 
CY7C330 Reprogrammable Synchronous State Machine 
and the proprietary CY7C332 Combinatorial EPLD pro- 
vide these input register cells which are shown in Figure 
1 1 . The clock for the input register may be provided from 
one of two external clock input pins selectable by a config- 
uration bit, C4, dedicated for this purpose for each input 
register. This choice of input register clock allows signals 
to be captured and processed from two independent system 
sources each controlled by its own independent clock. 
These input register cells are provided within I/O macro- 
cells, as well as, for dedicated input pins. 
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CLK (PIN 1) 


Figure 6. CY7C330 I/O Macro Cell 
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Figure 8. CY7C330 Hidden State Register Macro Cell 
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Figure 11. CY7C330 Dedicated Input Cell 
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PAL® C 20 Series 



• CMOS EPROM technology for 
reprogrammability 

• High performance at quarter 
power 

— tpD = 25 ns 

— ts = 20 ns 

— too = 15 ns 
— ICC = 45 mA 

• High performance at military 
temperature 

— tpD = 20 ns 

— ts = 20 ns 

— tco = 15 ns 
— ICC = 70 mA 

• Commercial and military 
temperature range 


• High reliability 

— Proven EPROM technology 

— > 1500V input protection 
from electrostatic discharge 

— 100% AC/DC tested 

— 10% power supply tolerances 
— High noise immunity 

— Security feature prevents 
pattern duplication 

— 100% programming and 
functional testing 

Functional Description 

Cypress PAL C Series 20 devices are 
high speed electrically programmable 
and UV erasable logic devices pro- 
duced in a proprietary “N” well CMOS 
EPROM process. These devices utilize 
the sum of products (AND-OR) struc- 
ture providing users the ability to pro- 


gram custom logic functions serving 
unique requirements. 

PALs are offered in 20-pin plastic and 
ceramic DIP, Plastic SOJ, and ceramic 
LCC packages. The ceramic package 
can be equipped with an erasure win- 
dow; when exposed to UV light, the 
PAL is erased and can then be repro- 
grammed. 

Before programming, AND gates or 
PRODUCT TERMS are connected via 
EPROM cells to both TRUE and 
COMPLEMENT inputs. Program- 
ming an EPROM cell disconnects an 
INPUT TERM from a PRODUCT 
TERM. Selective programming of 
these cells allows a specific logic func- 
tion to be implemented in a PAL C de- 
vice. PAL C devices are supplied in 
four functional configurations, desig- 




’AL® is a registered trademark of Monolithic Memories Inc. 

CYPRESS SEMICONDUCTOR is a trademark of Cypress Semiconductor Corporation. 
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PAL® C 20 Series 



Functional Description (Continued) 

nated 16R8, 16R6, 16R4 and 16L8. These eight devices 
have potentially 16 inputs and 8 outputs configurable by 
the user. Output configurations of 8 registers, 8 combinato- 
rial, 6 registers and 2 combinatorial as well as 4 registers 
and 4 combinatorial are provided by the four functional 
variations of the product family. All combinatorial outputs 
on the 16R6 and 16R4 as well as 6 of the combinatorial 
outputs on the 16L8 may be_used as optional inputs. All 
registered outputs have the Q bar side of the register fed 
back into the main array. The registers are automatically 
initialized on power up to Q output LOW and Q output 
HIGH. All unused inputs should be tied to ground. , 

All PAL C devices feature a SECURITY function which 
provides the user protection for the implementation of pro- 
prietary logic. When invoked, the contents of the normal 
array may no longer be accessed in the verify mode. Be- 
cause EPROM technology is used as a storage mechanism, 
the content of the array is not visible under a microscope. 
The PAL C device also contains a PHANTOM ARRAY 
used for functional and performance testing. The content 
of this array is always accessible, even when security is 
invoked. 

Cypress PAL C products are produced in an advanced 1.2 
micron “N” well CMOS EPROM technology. The use of 
this proven EPROM technology is the basis for a superior 
product with inherent advantages in reliability, testability, 
programming and functional yield. EPROM technology 
has the inherent advantage that all programmable elements 
may be programmed, tested and erased during the manu- 
facturing process. This also allows the device to be 100% 

Commercial and Industrial Selection Guide 


functionally tested during manufacturing. An ability to 
preload the registers of registered devices during the testing 
operation makes the testing easier and more efficient. The 
PHANTOM ARRAY and PHANTOM operating mode 
allow the device to be tested for functionality and perform- 
ance after it has been packaged. Combining these inherent 
and designed-in features, an extremely high degree of func- 
tionality, programmability and assured AC performance 
are provided and testing becomes an easy task. 

The REGISTER PRELOAD allows the user to initialize 
the registered devices to a known state prior to testing the 
device, significantly simplifying and shortening the testing 
procedure. 

The PHANTOM MODE of operation provides a com- 
pletely separate operating mode where the functionality of 
the device along with its AC performance may be ascer- 
tained. The user need not be encumbered by programmed 
cells in the normal operating mode. This PHANTOM 
MODE of operation allows additional input lines to be pro- 
grammed to operate the PAL C device, exercising the de- 
vice functionally and allowing AC performance measure- 
ments to be made. The PHANTOM MODE of operation 
acknowledges only the INPUT TERMS shown shaded in 
the functional block diagrams. Likewise, the normal 
PHANTOM INPUT TERMS do not exist in the normal 
mode of operation. During the final stages of manufactur- 
ing, some cells in the PHANTOM ARRAY are pro- 
grammed for final AC and functional testing. These cells 
remain programmed, and may be used at incoming inspec- 
tion to verify both functional and AC performance. 


Generic 

Part 

Number 

Logic 

Output 

Enable 

Outputs 

Ice (mA) 

tpo (ns) 

ts (ns) 

tco (ns) 

L 

COM’L/IND 


BT1 





16L8 

(8) 7-wide 
AND-OR-Invert 

Programmable 

(6) Bidirectional 
(2) Dedicated 

45 

70 

25 

35 

— 

— 

— 

— 

16R8 

(8) 8-wide AND-OR 

Dedicated 

Registered Inverting 

m 

70 

— 

— 

ESI 

Kil 

K3 

B 

16R6 

(6) 8-wide AND-OR 

Dedicated 

Registered Inverting 

45 

70 

25 

35 

20 

30 

15 

25 

(2) 7- wide 
AND-OR-Invert 

Programmable 

Bidirectional 

16R4 

(4) 8-wide AND-OR 

Dedicated 

Registered Inverting 

45 

70 

25 

35 

20 

30 

15 

25 

(4) 7- wide 
AND-OR-Invert 

Programmable 

Bidirectional 


Military Selection Guide 


Generic 

Part 

Number 

Logic 

Output 

Enable 

Outputs 

icc 

(mA) 

tpD (ns) 

ts (ns) 

tco (ns) 



BIB 

E3 


BIB 


MB 


16L8 

(8) 7- wide 
AND-OR-Invert 

Programmable 

(6) Bidirectional 
(2) Dedicated 

70 

20 

30 

40 

H 

B 

B 

B 

B 

B 

16R8 

(8) 8-wide AND-OR 

Dedicated 

Registered Inverting 

70 

— 

— 

— 


B 


m 


B 

16R6 

(6) 8-wide AND-OR 

Dedicated 

Registered Inverting 

70 

20 

30 

40 

20 

25 

35 

15 

20 

25 

(2) 7-wide 
AND-OR-Invert 

Programmable 

Bidirectional 

16R4 

(4) 8-wide AND-OR 

Dedicated 

Registered Inverting 

70 

20 

30 

40 

20 

25 

35 

15 

20 

25 

(4) 7- wide 
AND-OR-Invert 

Programmable 

Bidirectional 
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PAL® C 20 Series 


Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature — 65°C to + 150°C 

Ambient Temperature with 

Power Applied — 55°C to + 125°C 

Supply Voltage to Ground Potential 

(Pin 20 to Pin 10) -0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State —0.5V to + 7.0V 

DC Input Voltage - 3.0V to + 7.0V 

Output Current into Outputs (Low) 24 mA 

DC Programming Voltage 14.0V 


UV Exposure 7258 Wsec/cm 2 

Static Discharge Voltage > 1500V 

(per MIL-STD-883 Method 3015) 

Latchup Current > 200 mA 

Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 75°C 

5V ± 10% 

Military! 7 ! 

— 55°C to + 125°C 

5V + 10% 

Industrial 

— 40°C to +85°C 

5V ± 10% 


Electrical Characteristics Over Operating Range (Unless Otherwise Noted)! 6 ! 


Parameters 

Description 

Test Conditions 

Min, 

Max. 

Units 

VOH 

Output HIGH Voltage 

Vcc = Min. 

Vin = ViHor V IL 

Ioh — —3.2 mA 

Commercial/Industrial 

B 

B 

V 

lOH = — 2 mA 

Military 

VOL 

Output LOW Voltage 

Vcc = Min. 

Vin = V IH or Vil 

Iol = 24 mA 

Commercial/Industrial 


0.4 

V 

Iql = 12 mA 

Military 

VlH 

Input HIGH Level 

Guaranteed Input Logic HIGH!*! Voltage for all Inputs 

2.0 


V 

VlL 

Input LOW Level 

Guaranteed Input Logical LOWW Voltage for all Inputs 


0.8 

V 

Iix 

Input Leakage Current 

Vss ^ Vin ^ v C c 

-10 

10 

/xA 

Vpp 

Programming Voltage 

Ipp = 50 mA Max. 

13.0 

14.0 

V 

isc 

Output Short Circuit 
Current 

V C c = Max., Vqut = 0.5Vt2l 


-300 

mA 

Icc 

Power Supply Current 

All Inputs = GND, 

Vcc = Max., 

Iqut = 0 mAW 

“L” 


45 

mA 

COM’L/IND 


70 

mA 

MIL 


70 

mA 

loz 

Output Leakage Current 

Vcc — Max., Vss ^ Vqut 22 Vcc 

-100 

100 

juA 
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PAL® C 20 Series 


Capacitance 


Parameters 

Description 

Test Conditions 

ClN 

Input Capacitance 

T a = 25°C, f = 1 MHz 

CoUT 

Output Capacitance 

Vin = 0, Vcc = 5.0V 



Switching Characteristics PAL C 20 Series Over Operating Ranged 6 > 


Commercial/Industrial 


Parameters 

Description 

tpD 

Input or Feedback to Non-Registered 
Output 16L8, 16R6, 16R4 

tEA 

Input to Output Enable 16L8, 16R6, 16R4 

tER 

Input to Output Disable 16L8, 16R6, 16R4 

tpzx 

Pin 11 to Output Enable 16R8, 16R6, 16R4 

tpxz 

Pin 1 1 to Output Disable 16R8, 16R6, 16R4 

tco 

Clock to Output 16R8, 16R6, 16R4 

ts 

Input or Feedback Setup Time 16R8, 

16R6, 16R4 

tH 

Hold Time 16R8, 16R6, 16R4 

tp 

Clock Period 

tw 

Clock Width 

fMAX 

Maximum Frequency 



Notes: 

1. These are absolute values with respect to device ground and all over- 
shoots due to system or tester noise are included. 

2. Not more than one output should be tested at a time. Duration of the 
short circuit should not be more than one second. Vqut = 0.5V has 
been chosen to avoid test problems caused by tester ground degrada- 
tion. 

3. Tested initially and after any design or process changes that may 
affect these parameters. 

4. Figure la test load used for all parameters except tEA. tER tpzx and 
tpxz- Figure lb test load used for tEA> tER. tpzx and tpxz- 

AC Test Loads and Waveforms 

R1 175ft R1 175 ft 




Figure la. Commercial Figure lb. Commercial 




)EaHI£gMEiMlE23EE3l 


5 - Icc(AC) = (0.6mA/MHz) X (Operating Frequency in MHz) + 
Icc(DC)- ICC(DC) is measured with an unprogrammed device. 

6. See the last page of this specification for Group A subgroup testing 
information. 

7. Ta is the “instant on” case temperature. 

8. The parameters tER and tpxz are measured as the delay from the 
input disable logic threshold transition to Voh — 0.5V for an enabled 
HIGH output or Vol + 0.5V for an enabled LOW output. Please see 
Table 1 for waveforms and measurement reference levels. 


Equivalent to: 

THEVENIN EQUIVALENT COMMERCIAL 
75 n 

OUTPUT o W V O 2.16 V = Vtfic 

0038-10 


Equivalent to: 

THEVENIN EQUIVALENT MILITARY 
143 n 

OUTPUT o W\ O 2.11 V - Vthm 

0038-12 


Figure lc. Military Figure Id. Military 
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Figure 2 
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PAL® C 20 Series 


Switching Waveforms 



Figure 3 


Erasure Characteristics 


Wavelengths of light less than 4000 Angstroms begin to 
erase the PAL C device. For this reason, an opaque label 
should be placed over the window if the device is exposed 
to sunlight or fluorescent lighting for extended periods of 
time. In addition, high ambient light levels can create hole- 
electron pairs which may cause “blank” check failures or 
“verify errors” when programming “windowed” parts. 

This phenomenon can be avoided by use of an opaque label 
over the window during programming in high ambient 
light environments. 

The recommended dose for erasure is ultraviolet light with 
a wavelength of 2537 Angstroms for a minimum dose (UV 
intensity x exposure time) of 25 Wsec/cm 2 . For an ultravi- 
olet lamp with a 12 mW/cm 2 power rating, the exposure 
would be approximately 35 minutes. The PAL C device 
needs to be placed within 1 inch of the lamp during era- 
sure. Permanent damage may result if the device is exposed 
to high intensity UV light for an extended period of time. 
7258 Wsec/cm 2 is the recommended maximum dosage. 

Programming 

PAL C devices are programmed a BYTE at a time using a 
voltage to transfer electrons to a floating gate. The array 
programmed is addressed as memory of 256 bytes, using 
address Tables 5 and 6. These addresses are supplied to the 
device over Pins 2 through 9. The data to be programmed 
is supplied on data inputs DO through D7 (Pins 19 through 


12 inclusive). In the unprogrammed state, all inputs are 
connected to product terms. A “1” on a data line causes a 
cell to be programmed, disconnecting an INPUT TERM 
from a PRODUCT TERM. During verify, an unpro- 
grammed cell causes a “1” to appear on the output, while a 
programmed cell will appear as a “0”. Table 4 describes 
the operating modes of the device and the programming 
waveforms are described in Figures 6 through 9. The actual 
sequence required to program a cell is described in Figure 5 
and applies for programming either standard or phantom 
portions of the array. The security bit should be pro- 
grammed using a single 10 ms pulse, and verified per Fig- 
ure 9. 


Vpp 

Ao 

Ai 

A 2 

a 3 

A4 

As 

A« 

Ay 

Vss 



Figure 4. Programming Pin 


Vccp 

Do 

Dl 

D 2 

D3 

D« 

Ds 

Do 

Dy 

PGM/OE 

0038-15 

Configuration 


DC Programming Parameters Ambient Temperature = 25°C 

Table 2 


Parameter 

Description 

Min. 

Max. 

Units 

Notes 

Vpp 

Programming Voltage 

13.0 

14.0 

V 


Vccp 

Supply Voltage During Programming 

4.75 

5.25 

V 


Vihp 

Programming Input High Voltage 

3.0 


V 


VlLP 

Programming Input Low Voltage 


0.4 

V 


Voh 

Output High Voltage 

2.4 


V 

1 

Vol 

Output Low Voltage 


0.4 

V 

1 

Ipp 

Programming Supply Current 


50 

mA 




































CYPRESS 

SEMICONDUCTOR 


PAL® C 20 Series 


AC Programming Parameters Ambient Temperature = 25°C 

Table 3 


Parameter 

Description 

Min. 

Max. 

Units 

Notes 

tpp 

Programming Pulse Width 

100 

10,000 

jits 

2 

ts 

Setup Time 

1.0 


jus 


tH 

Hold Time 

1.0 


jus 


t r , tf 

Vpp Rise and Fall Time 

1.0 


jus 

2 

tVD 

Delay to Verify 

1.0 


JUS 


tvp 

Verify Pulse Width 

2.0 


jus 


tDV 

Verify to Data Valid 

20.0 


jus 


tDZ 

Verify to High Z 


1.0 

jus 



Table 4 


Pin Name 

Vpp 

PGM/OE 

A1 

A2 

A3 

A4 

A5 

D7-D0 

Notes 

Pin Number 

(1) 

(11) 

(3) 

(4) 

(5) 

(6) 

(7) 

(12-19) 

Operating Modes 









PAL 

X 

X 

X 

X 

X 

X 

X 

Programmed Function 

3,4 

Program PAL 

Vpp 

Vpp 

X 

X 

X 

X 

X 

Data In 

3,5 

Program Inhibit 

Vpp 

VfflP 

X 

X 

X 

X 

X 

High Z 

3,5 

Program Verify/Blank Check 

Vpp 

VlLP 

X 

X 

X 

X 

X 

Data Out 

3, 5, 11 

Phantom PAL 

X 

X 

X 

X 

X 

Vpp 

X 

Programmed Function 

3,6 

Program Phantom PAL 

Vpp 

Vpp 

X 

mm 

X 

X 

Vpp 

Data In 

MSM 

Phantom Program Inhibit 

Vpp 

VlHP 

X 

mm 

X 

X 

Vpp 

High Z 

in 

Phantom Program Verify 

Vpp 

VlLP 

X 

X 

X 

X 

Vpp 

Data Out 

B19 

Program Security Bit 

Vpp 

Vpp 

Vpp 

X 

X 

X 

X 

High Z 

3,8 

Verify Security Bit 

X 

X 

Note 9 

Vpp 

X 

X 

X 

High Z 

3 

Register Preload 

X 

X 

X 

X 

Vpp 

X 

X 

Data In 

3, 10 


Notes: 

1. During verify operation 

2. Measured at 10% and 90% points 

3. V SS < X < V CC P 

4. All “X” inputs operational per normal PAL function. 

5. Address inputs occupy Pins 2 thru 9 inclusive, for both programming 
and verification see programming address Tables 5 and 6. 

6. All “X” inputs operational per normal PAL function except that they 
operate on the function that occupies the phantom array. 

7. Address inputs occupy Pins 2 thru 9 inclusive, for both programming 
and verification see programming address Tables 5 and 6. Pin 7 


is used to select the phantom mode of operation and must be taken to 
Vpp before selecting phantom program operation with Vpp on Pin 1. 

8. See Figure 8 for security programming sequence. 

9. The state of Pin 3 indicates if the security function has been invoked 
or not. If Pin 3 = Vol security is in effect, if Pin 3 = Voh. the data 
is unsecured and may be directly accessed. 

10. For testing purposes, the output latch on the 16R8, 16R6 and 16R4 
may be preloaded with data from the appropriate associated output 
line. 

11. It is necessary to toggle Pin 1 1 (OE) HIGH during all address tran- 
sitions while in the Program Verify or Blank Check mode. 


The programmable array is addressed as a basic 256 by 8 
memory structure with a duplication of the phantom array 
located at the same addresses as columns 0, 1, 2 and 3. The 
ability to address the phantom array as differentiated from 
the first 4 columns of the normal array is accomplished by 
taking Pin 7 to Vpp and entering the phantom mode of 
operation as shown in Tables 4 and 6. In either case, phan- 
tom or normal, product terms are addressed in groups of 8 
per Table 5. Notice that this is accomplished by modulo 8 


selecting every eighth product term starting with 0, 8, 16, 
24, 32, 40, 48 and 56 corresponding to PROGRAMMED 
DATA INPUT on DO through D7 respectively and incre- 
menting each product term by one until all 64 PRODUCT 
TERMS are addressed. Each of the INPUT TERMS is 
addressed 8 times corresponding to the 8 groups of individ- 
ual product terms addressed before being incremented. 
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CYPRESS 

SEMICONDUCTOR 


PAL® C 20 Series 


Table 5 


Product Term Addresses 


Binary Addresses 

Line Number 

Pin Numbers 

(4) 

(3) 

(2) 

VlLP 

VlLP 

VlLP 

0 

8 

16 

24 

32 

40 

48 

56 

VlLP 

VlLP 

VlHP 

1 

9 

17 

25 

33 

41 

49 

57 

VlLP 

VlHP 

VlLP 

2 

10 

18 

26 

34 

42 

50 

58 

VlLP 

VlHP 

VlHP 

3 

11 

19 

27 

35 

43 

51 

59 

VlHP 

VlLP 

V ILP 

4 

12 

20 

28 

36 

44 

52 

60 

VlHP 

VlLP 

VlHP 

5 

13 

21 

29 

37 

45 

53 

61 

VlHP 

VlHP 

VlLP 

6 

14 

22 

30 

38 

46 

54 

62 

VlHP 

VlHP 

VlHP 

7 

15 

23 

31 

39 

47 

55 

63 


DO 

D1 

D2 

D3 

D4 

D5 

D6 

D7 


Programmed Data Input 


Table 6 


Input Term Addresses 

Input 

Term 

Numbers 

Binary Addresses 

Pin Numbers 

(9) 

(8) 

(7) 

(6) 

(5) 

0 

VlLP 

VlLP 

VlLP 

VlLP 

VlLP 

1 

VlLP 

VlLP 

VlLP 

VlLP 

VlHP 

2 

VlLP 

VlLP 

VlLP 

VlHP 

VlLP 

3 

VlLP 

VlLP 

VlLP 

VlHP 

VlHP 

4 

VlLP 

V ILP 

VlHP 

VlLP 

VlLP 

5 

VlLP 

VlLP 

VlHP 

VlLP 

VlHP 

6 

VlLP 

VlLP 

VlHP 

VlHP 

VlLP 

7 

VlLP 

VlLP 

VlHP 

VlHP 

VlHP 

8 

VlLP 

VlHP 

VlLP 

VlLP 

VlLP 

9 

VlLP 

VlHP 

VlLP 

VlLP 

VlHP 

10 

VlLP 

VlHP 

VlLP 

VlHP 

VlLP 

11 

VlLP 

VlHP 

VlLP 

VlHP 

VlHP 

12 

VlLP 

VlHP 

VlHP 

VlLP 

VlLP 

13 

VlLP 

VlHP 

V IHP 

VlLP 

VlHP 

14 

VlLP 

VlHP 

VlHP 

VlHP 

VlLP 

15 

VlLP 

VlHP 

VlHP 

VlHP 

VlHP 

16 

VlHP 

VlLP 

VlLP 

VlLP 

VlLP 

17 

VlHP 

VlLP 

VlLP 

VlLP 

VlHP 


Input Term Addresses 

Input 

Term 

Numbers 

Binary Addresses 

Pin Numbers 

(9) 

(8) 

(7) 

(6) 

(5) 

18 

VlHP 

VlLP 

VlLP 

VlHP 

VlLP 

19 

VlHP 

VlLP 

VlLP 

VlHP 

VlHP 

20 

VlHP 

VlLP 

VlHP 

VlLP 

VlLP 

21 

VlHP 

VlLP 

VlHP 

VlLP 

VlHP 

22 

VlHP 

VlLP 

VlHP 

VlHP 

VlLP 

23 

VlHP 

VlLP 

VlHP 

VlHP 

VlHP 

24 

VlHP 

VlHP 

VlLP 

VlLP 

VlLP 

25 

VlHP 

VlHP 

VlLP 

VlLP 

VlHP 

26 

VlHP 

VlHP 

VlLP 

VlHP 

VlLP 

27 

VlHP 

VlHP 

VlLP 

VlHP 

VlHP 

28 

VlHP 

VlHP 

VlHP 

VlLP 

VlLP 

29 

VlHP 

VlHP 

VlHP 

VlLP 

VlHP 

30 

VlHP 

VlHP 

VlHP 

VlHP 

VlLP 

31 

VlHP 

VlHP 

VlHP 

VfflP 

VlHP 

P0 

V ILP 

VlLP 

Vpp 

X 

X 

PI 

VlLP 

VlHP 

Vpp 

X 

X 

P2 

VlHP 

VlLP 

Vpp 

X 

X 

P3 

VlHP 

VlHP 

Vpp 

X 

X 
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PRODUCT TERMS (0 - 63) 



PAL® C 20 Series 


Functional Logic Diagram PAL C 16L8 


INPUTS (0-31) 
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PRODUCT TERMS (0 - 63) 
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PAL® C 20 Series 


Functional Logic Diagram PAL C 16R4 


INPUTS (0 - 31) 
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Functional Logic Diagram PAL € 16R6 

INPUTS (0 - 31] 
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PRODUCT TERMS (0-63) 
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DELTA tpo (ns) NORMALIZED T s NORMALIZED T P0 NORMALIZED Icc 


CYPRESS 

SEMICONDUCTOR 


PAL® C 20 Series 


Typical DC and AC Characteristics 


NORMALIZED SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 



SUPPLY VOLTAGE (V) 


NORMALIZED SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 



-55 25 125 

AMBIENT TEMPERATURE (“Cl 


NORMALIZED PROPAGATION DELAY DELTA PROPAGATION TIME 




AMBIENT TEMPERATURE (°CI 


CAPACITANCE (pF) 


NORMALIZED SETUP TIME 
vs. TEMPERATURE 



NORMALIZED CLOCK TO OUTPUT 
TIME vs. SUPPLY VOLTAGE 



AMBIENT TEMPERATURE (°C) 


SUPPLY VOLTAGE (V) 


DELTA CLOCK TO OUTPUT TIME 
vs. OUTPUT LOADING 



OUTPUT SINK CURRENT 
vs. OUTPUT VOLTAGE 



NORMALIZED PROPAGATION 
DELAY vs. SUPPLY VOLTAGE 



SUPPLY VOLTAGE (V) 


NORMALIZED SETUP TIME 
vs. SUPPLY VOLTAGE 




SUPPLY VOLTAGE (V) 


NORMALIZED CLOCK 
TO OUTPUT 

TIME vs. TEMPERATURE 



AMBIENT TEMPERATURE (°C) 


OUTPUT SOURCE CURRENT 
vs. VOLTAGE 



OUTPUT VOLTAGE IV) 
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SEMICONDUCTOR 


Ordering Information 


PAL® C 20 Series 


tPD 

(ns) 

ts 

(ns) 

tco 

(ns) 

Icc 

(mA) 

Ordering Code 

Package 

Operating 

Range 

20 



70 

PAL C 1 6L8-20DMB 

D6 

Military 

PAL C 16L8-20LMB 

L61 

PAL C 16L8-20WMB 

W6 

PAL C 16L8-20KMB 

K71 

PAL C 16L8-20QMB 

Q61 

25 



45 

PAL C 1 6L8L-25PC 

P5 

Commercial 

PALC 16L8L-25VC 

V5 

PAL C 16L8L-25LC 

L61 

PALC 16L8L-25WC 

W6 

70 

PAL C 16L8-25PC/PI 

P5 

PAL C 16L8-25 VC/VI 

V5 

PALC 16L8-25LC 

L61 

PAL C 16L8-25WC/WI 

W6 

30 



70 

PAL C 16L8-30DMB 

D6 

Military 

PALC 16L8-30LMB 

L61 

PAL C 16L8-30WMB 

W6 

PAL C 16L8-30KMB 

K71 

PAL C 16L8-30QMB 

Q61 

35 



45 

PALC 16L8L-35PC 

P5 

Commercial 

PAL C 16L8L-35VC 

V5 

PALC 16L8L-35LC 

L61 

PALC 16L8L-35WC 

W6 

70 

PALC 16L8-35PC/PI 

P5 

PAL C 16L8-35VC/VI 

V5 

PAL C 16L8-35LC 

L61 

PAL C 16L8-35WC/WI 

W6 

40 



70 

PAL C 1 6L8-40DMB 

D6 

Military 

PAL C 16L8-40LMB 

L61 

PALC 16L840WMB 

W6 

PALC 16L8-40KMB 

K71 

PAL C 1 6L8-40QMB 

Q61 

20 

20 

15 

70 

PAL C 16R4-20DMB 

D6 

Military 

PAL C 16R4-20LMB 

L61 

PAL C 16R4-20WMB 

W6 

PAL C 1 6R4-20KMB 

K71 

PAL C 16R4-20QMB 

Q61 

25 

20 

15 

45 

PAL C 16R4L-25PC 

P5 

Commercial 

PAL C 16R4L-25VC 

V5 

PAL C 1 6R4L-25LC 

L61 

PALC 16R4L-25WC 

W6 

70 

PAL C 16R4-25PC/PI 

P5 

PAL C 16R4-25 VC/VI 

V5 

PAL C 16R4-25LC 

L61 

PAL C 1 6R4-25 W C/WI 

W6 
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SEMICONDUCTOR 


Ordering Information (Continued) 


PAL® C 20 Series 


tpD 

(ns) 

ts 

(ns) 

tco 

(ns) 

Icc 

(mA) 

Ordering Code 

Package 

Operating 

Range 

30 

25 

20 

70 

PAL C 16R4-30DMB 

D6 

Military 





PAL C 16R4-30LMB 

L61 






PAL C 16R4-30WMB 

W6 






PALC 16R4-30KMB 

K71 






PAL C 16R4-30QMB 

Q61 


35 

30 

25 

45 

PAL C 16R4L-35PC 

P5 

Commercial 





PAL C 16R4L-35VC 

V5 






PAL C 16R4L-35LC 

L61 






PAL C 16R4L-35WC 

W6 





70 

PAL C 16R4-35PC/PI 

P5 






PAL C 16R4-35VC/YI 

V5 






PALC 16R4-35LC 

L61 






PALC 16R4-35WC/WI 

W6 


40 

35 

25 

70 

PAL C 16R4-40DMB 

D6 

Military 





PALC 16R4-40LMB 

L61 






PAL C 16R4-40WMB 

W6 






PAL C 1 6R4-40KMB 

K71 






PAL C 16R4-40QMB 

Q61 


20 

20 

15 

70 

PAL C 16R6-20DMB 

D6 

Military 





PAL C 16R6-20LMB 

L61 






PAL C 16R6-20WMB 

W6 






PAL C 16R6-20KMB 

K71 






PAL C 16R6-20QMB 

Q61 


25 

20 

15 

45 

PAL C 16R6L-25PC 

P5 

Commercial 





PALC 16R6L-25VC 

V5 






PALC 16R6L-25LC 

L61 






PALC 16R6L-25WC 

W6 





70 

PALC 16R6-25PC/PI 

P5 






PAL C 16R6-25VC/VI 

V5 






PALC 16R6-25LC 

L61 






PALC 16R6-25WC/WI 

W6 


30 

25 

20 

70 

PAL C 16R6-30DMB 

D6 

Military 





PALC 16R6-30LMB 

L61 






PAL C 16R6-30WMB 

W6 






PALC 16R6-30KMB 

K71 






PAL C 16R6-30QMB 

Q61 


35 

30 

25 

45 

PALC 16R6L-35PC 

P5 

Commercial 





PAL C 16R6L-35VC 

Y5 






PALC 16R6L-35LC 

L61 






PALC 16R6L-35WC 

W6 





70 

PALC 16R6-35PC/PI 

P5 






PAL C 16R6-35VC/VI 

V5 






PALC 16R6-35LC 

L61 






PAL C 16R6-35WC/WI 

W6 
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PAL® C 20 Series 



Ordering Information (Continued) 


tpD 

(ns) 

ts 

(ns) 

tco 

(ns) 

Icc 

(mA) 

Ordering Code 

Package 

Operating 

Range 

40 

35 

25 

70 

PAL C 16R6-40DMB 

D6 

Military 





PAL C 16R6-40LMB 

L61 






PAL C 16R6-40WMB 

W6 






PAL C 16R6-40KMB 

K71 






PAL C 16R6-40QMB 

Q61 


— 

20 

15 

70 

PAL C 16R8-20DMB 

D6 

Military 





PAL C 16R8-20LMB 

L61 






PAL C 16R8-20WMB 

W6 






PAL C 16R8-20KMB 

K71 






PAL C 16R8-20QMB 

Q61 


— 

20 

15 

45 

PALC 16R8L-25PC 

P5 

Commercial 





PALC 16R8L-25VC 

V5 






PALC 16R8L-25LC 

L61 






PALC 16R8L-25WC 

W6 





70 

PAL C 16R8-25PC/PI 

P5 






PAL C 16R8-25 VC/VI 

V5 






PALC 16R8-25LC 

L61 






PAL C 16R8-25WC/WI 

W6 


— 

25 

20 

70 

PALC 16R8-30DMB 

D6 

Military 





PALC 16R8-30LMB 

L61 






PALC 16R8-30WMB 

W6 






PALC 16R8-30KMB 

K71 






PALC 16R8-30QMB 

Q61 


— 

30 

25 

45 

PALC 16R8L-35PC 

P5 

Commercial 





PALC 16R8L-35VC 

V5 






PALC 16R8L-35LC 

L61 






PALC 16R8L-35WC 

W6 





70 

PALC 16R8-35PC/PI 

P5 






PALC 16R8-35VC/VI 

V5 






PALC 16R8-35LC 

L61 






PALC 16R8-35WC/WI 

W6 


— 

35 

25 

70 

PAL C 16R8-40DMB 

D6 

Military 





PAL C 1 6R8-40LMB 

L61 






PAL C 16R8-40WMB 

W6 






PAL C 16R8-40KMB 

K71 






PAL C 16R8-40QMB 

Q61 
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CYPRESS 

SEMICONDUCTOR 


PAL® C 20 Series 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 


Parameters 

Subgroups 

VOH 

1,2,3 

VoL 

1,2,3 

VlH 

1,2,3 

Vil 

1,2,3 

Iix 

1,2,3 

Vpp 

1,2,3 

Icc 

1,2,3 

Ioz 

1,2,3 


Switching Characteristics 


Parameters 

Subgroups 

tPD 

9,10,11 

tpzx 

9,10,11 

too 

9,10,11 

ts 

9,10,11 

tH 

9,10,11 
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PRELIMINARY PLD C 18G8 


CYPRESS 
SEMICONDUCTOR 


CMOS Generic 20 Pin 
Programmable Logic Device 


Features 

• Fast 

— Commercial: tpo — 12 ns, 
tco — 10 ns, ts = 12 ns 
— Military: tpo = 15 ns, 
tco = 12 ns, ts 15 ns 

• Low power 

— Ice max.: 110 mA 

• Commercial and military 
temperature range 

• User-programmable output cells 
— Selectable for registered or 

combinatorial operation 
— Output polarity control 
— Output enable source 
selectable from pin 11 or 
product term 


• Generic architecture to replace 
standard logic functions 
including: 10H8, 12H6, 14H4, 
16H2, 10L8, 12L6, 14L4, 16L2, 
10P8, 12P6, 14P4, 16P2, 16H8, 
16L8, 16P8, 16R8, 16R6, 16R4, 
16RP8, 16RP6, 16RP4, 18P8, 
16V8 

• Eight product terms and one OE 
product term per output 

• CMOS EPROM technology for 
reprogrammahility 

• Highly reliable 

— Uses proven EPROM 
technology 

— Fully AC and DC tested 


— Security feature prevents 
logic pattern duplication 
— > 2000V input protection for 
electrostatic discharge 

Functional Description 

Cypress PLD devices are high speed 
electrically programmable Logic De- 
vices. These devices utilize the sum of 
products (AND-OR) structure provid- 
ing users the ability to program custom 
logic functions for unique require- 
ments. 

In an unprogrammed state the AND 
gates are connected via EPROM cells 
to both the true and complement of ev- 
ery input. By selectively programming 
the EPROM cells, AND gates may be 


Logic Symbol, DIP and SOJ Pinout 


18G8 


V SS I I I I I I I I CP/I 


JE3 □ □ □ El El El E] El EL 



mmm 


Wi 

■ 


■R 



IP 

pp 

pi 

■jS 

m 

BUZ 

ap 

w 

MmM 

■ Mil 

ap 

HSU 39 

■■Am 

m 

31 

■■Mil 

ItiKH 

iiii 

hi 

m 

||| 

m 

■ 

■ 


Tjj 03 Oil 0 3 03 03 03 03 03 LET 


I/O I/O I/O I/O I/O I/O I/O I/O v cc 


LCC Pinout 




0139-1 

PLCC Pinout 
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SEMICONDUCTOR 


PRELIMINAR Y PLD C 18G8 


Selection Guide 


Generic 

Part 

Number 

Ice (mA) 

tpD (ns) 

ts 

tco 

Com 

Mil 

Com 

Mil 

Com 

Mil 

Com 

Mil 

18G8-12 

90 


12 


12 


10 


18G8-15 

90 

110 

15 

15 

12 

15 

12 

12 

18G8-15L 

70 


15 


12 


12 


18G8-20 


110 


20 


20 


15 


Functional Description (Continued) 

connected to either the true or complement or disconnect- 
ed from both true and complement inputs. 

Cypress PLD C 18G8 uses an advanced 0.8 micron CMOS 
technology and a proven EPROM cell as the programma- 
ble element. This technology and the inherent advantage of 
being able to program and erase each cell enhances the 
reliability and testability of the circuit. This reduces the 
burden on the customer to test and to handle rejects. 

A preload function allows the registered outputs to be pre- 
set to any pattern during testing. Preload is important for 
testing the functionality of the Cypress PLD device. 

18G8 Functional Description 

The PLD C 18G8 is a generic 20 pin device that can be 
programmed to logic functions which include but are not 
limited to: 10H8, 12H6, 14H4, 16H2, 10L8, 12L6, 14L4, 
16L2, 10P8, 12P6, 14P4, 16P2, 16H8, 16L8, 16P8, 16R8, 
16R6, 16R4, 16RP8, 16RP6, 16RP4, 18P8, 16V8. Thus, 
the PLD C 18G8 provides significant design, inventory and 
programming flexibility over dedicated 20 pin devices. It is 
executed in a 20 pin 300 mil molded DIP and a 300 mil 
windowed Cerdip. It provides up to 18 inputs and 8 out- 
puts. When the windowed CERDIP is exposed to UV 
light, the 1 8G8 is erased and then can be reprogrammed. 

The Programmable Output Cell provides the capability of 
defining the architecture of each output individually. Each 
of the 10 output cells may be configured with “REGIS- 
TERED” or “COMBINATORIAL” outputs, “ACTIVE 
HIGH” or “ACTIVE LOW” outputs, and “PRODUCT 
TERM” or “PIN 1 1” generated output enables. Four Ar- 
chitecture Bits determine the configurations as shown in 
Table 1. A total of sixteen different configurations are pos- 
sible. The default or unprogrammed state is REGIS- 
TERED/ACTIVE/LOW/Pin 11 OE. The entire Program- 
mable Output Cell is shown in Figure 1. 

The architecture bit ‘Cl* controls the REGISTERED/ 
COMBINATORIAL option. In either “COMBINATO- 
RIAL” or “REGISTERED” configuration, the output can 
serve as an I/O pin, or if the output is disabled, as an input 
only. Any unused inputs should be tied to ground. In either 
“REGISTERED” or “COMBINATORIAL” configura- 
tion, the output of the register may be fed back to the 
array. This allows the creation of state machines by pro- 


viding storage and feedback of the current system state. 

The register is clocked by the signal from Pin 1. The_regis- 
ter is initialized on power up to Q output LOW and Q 
output HIGH. 

In both the Combinatorial and Registered configurations, 
the source of the “OUTPUT ENABLE” signal can be indi- 
vidually chosen with architecture bit ‘C2\ The OE signal 
may be generated within the array, or from the external 
OE pin (Pin 1 1). The Pin 1 1 allows direct control of the 
outputs, hence having faster enable/disable times. 

Each output cell can be configured for “OUTPUT PO- 
LARITY”. The output can be either Active HIGH or Ac- 
tive LOW. This option is controlled by architecture bit 
‘CO’. 



Along with this increase in functional density, the Cypress 
PLD C 18G8 provides lower power operation through the 
use of CMOS technology, increased testability with a regis- 
ter preload feature and guaranteed AC performance 
through the use of a phantom array. The phantom array 
allows the 1 8G8 to be programmed with a test pattern and 
tested prior to shipment for full AC specifications without 
using any of the functionality of the device specified for the 
product application. In addition, this same phantom array 
may be used to test the PLD C 1 8G8 at incoming inspec- 
tion before committing the device to a specific function 
through programming. 


Programmable Output Cell 



0139-4 

Figure 1 
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CYPRESS 

SEMICONDUCTOR 


PRELIMINAR Y PLD C 18G8 


Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Operating Range 


Storage Temperature — 65°C to + 150°C Static Discharge Voltage 

Ambient Temperature with (P er MIL-STD-883 Method 3015) 

Power Applied — 55°C to + 125°C Latchup Current 

Supply Voltage to Ground Potential .... —0.5V to 4- 7.0V Operating Ran 
DC Voltage Applied to Outputs T 

in High Z State —0.5V to + 7.0V Range 

DC Input Voltage - 3.0V to + 7.0V 

Commercial 

Output Current into Outputs (Low) 24 mA — — 

DC Programming Voltage 13.0V — — 

Electrical Characteristics Over Operating Range (Unless Otherwise Noted)! 7 ] 


Test Conditions 


> 2001V 


> 200 mA 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 75°C 

5V ±5% 

Military! 7 ! 

— 55°Cto + 125°C 

5V ± 10% 


Parameters 


Vqh 



Description 


Output HIGH Voltage 


Output LOW Voltage 


Input HIGH Level 


Input LOW Level 


Input Leakage Current 


Vcc — Min. 

Ioh = —3.2 mA 

Commercial 

Vin = Vih or Vil 

Ioh = — 2 mA 

Military 

Vcc = Min. 

lOL = 24 mA 

Commercial 

Vin = Vih or Vil 

Iql = 12 mA 

Military 

Guaranteed Input Logical HIGHtH Voltage for all Inputs 


Min. Max. Units 


2 . 


Ioz 


Capacitance^ 


Guaranteed Input Logical LOWW Voltage for all Inputs 


Vss ^ Vin ^ Vcc 


Programming Voltage @ Ipp = 50 mA Max. 


Vcc = Max., VquT = 0.5V [2] 


Commercial -15L 


Commercial -12,-15 


Military 


Output Leakage Current Vcc = Max., V$s ^ Vqut ^ Vcc 



Output Short Circuit 
Current 


Power Supply Current 


Vin = 0 

Vcc = Max., Iqut = 0 mA 


0.8 


- 10 10 fj,A 


12.0 13.0 


— 30 — 90 mA 


70 

90 mA 
110 


-40 | 40 | juA 


Parameters 

Description 

Test Conditions 

Max. 

Cin 

Input Capacitance 

T a = 25°C, f = 1 MHz 

5 

CqUT 

Output Capacitance 

Vin = 2.0V, v C c = 5.ov 

8 



AC Test Loads and Waveforms (Commercial) 

R1 1 60X1 
(319.fi MIL) 


R1 160X1 
(31911 MIL) 



OUTPUT 

R2 

124X1 5 

(236X1 MIL) 


INCLUDING — L- - 

JIG AND — ” 

SCOPE 

Figure 2a 

Equivalent to: THEVENIN EQUIVALENT (Commercial) 

70X1 



R2 

124X1 

(236X1 MIL) 


Figure 2b 

Equivalent to: THEVENIN EQUIVALENT (Military) 

136X1 
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SEMICONDUCTOR 


Configuration Table M 


PRELIMINAR Y PLD C 18G8 


C 2 

Cl 

Co 

Configuration 

0 

0 

0 

Active LOW, Registered Mode, Registered Feedback, Pin 1 1 OE 

0 

0 

1 

Active HIGH, Registered Mode, Registered Feedback, Pin 1 1 OE 

0 

1 

0 

Active LOW, Combinatorial Mode, Registered Feedback, Pin 1 1 OE 

0 

1 

1 

Active HIGH, Combinatorial Mode, Registered Feedback, Pin 1 1 OE 

1 

0 

0 

Active LOW, Registered Mode, Registered Feedback, Product Term OE 

1 

0 

1 

Active HIGH, Registered Mode, Registered Feedback, Product Term OE 

1 

1 

0 

Active LOW, Combinatorial Mode, Registered Feedback, Product Term OE 

1 

1 

1 

Active HIGH, Combinatorial Mode, Registered Feedback, Product Term OE 

0 

0 

0 

Active LOW, Registered Mode, Pin Feedback, Pin 1 1 OE 

0 

0 

1 

Active HIGH, Registered Mode, Pin Feedback, Pin 1 1 OE 

0 

1 

0 

Active LOW, Combinatorial Mode, Pin Feedback, Pin 1 1 OE 

0 

1 

1 

Active HIGH, Combinatorial Mode, Pin Feedback, Pin 1 1 OE 

1 

0 

0 

Active LOW, Registered Mode, Pin Feedback, Product Term OE 

1 

0 

1 

Active HIGH, Registered Mode, Pin Feedback, Product Term OE 

1 

1 

0 

Active LOW, Combinatorial Mode, Pin Feedback, Product Term OE 

1 

1 

1 

Active HIGH, Combinatorial Mode, Pin Feedback, Product Term OE 


Switching Characteristics PLD C 18G8 Over Operating Ranged. 7 > 9 1 


Commercial 


-15, — 15L 


Parameters 

Description 

tPD 

Input or Feedback to 
Non-Registered Output 

tEA 

Input to Output Enable 

tER 

Input to Output Disable 

tpzx 

Pin 1 1 to Output Enable 

tpxz 

Pin 1 1 to Output Disable 

tco 

Clock to Output 

ts 

Input or Feedback Setup Time 

tH 

Hold Time 

t P [5] 

Clock Period 

tWH 

Clock High Time 

tWL 

Clock Low Time 

*MAX M 

Maximum Frequency 


Military 


Min. Max. Min. Max. Min. Max. Min. Max. 




Notes: 

1. These are absolute values with respect to device ground and all over- 
shoots due to system or tester noise are included. 

2. Not more than one output should be tested at a time. Duration of the 
short circuit should not be more than one second. Vout = 0-5V has 
been chosen to avoid test problems caused by tester ground degrada- 
tion. 

3. Tested initially and after any design or process changes that may 
affect these parameters. 

4. Figure 2a test load used for all parameters except t£R, tpzx and tpxz- 
Figure 2b test load used for tpR, tpzx and tpxz- 

5. tp, minimum guaranteed clock period is that guaranteed for state ma- 
chine operation and is calculated from tp = ts + tco- The minimum 
guaranteed period for registered data path operation (no feedback) 
can be calculated as the greater of (twH + twL) or (ts + tn). 


6- fMAX> minimum guaranteed operating frequency, is that guaranteed 
for state machine operation and is calculated from fMAX = '/(ts + 
tco)- The minimum guaranteed f;MAX for registered data path opera- 
tion (no feedback) can be calculated as the lower of l/(twH + twL) 
or l/(t s + tn). 

7. Ta is the “instant on” case temperature. 

8. In the virgin or unprogrammed state, a configuration bit location is in 
the “0” state. 

9. The parameters tgR and tpxz a re measured as the delay from the 
input disable logic threshold transition to Voh _ 0.5V for an enabled 
HIGH output or Vql + 0.5V for an enabled LOW output. 
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PRELIMINAR Y PLD C 18G8 


Switching Waveform 



For more information regarding PLD devices, refer to the Application Brief in the Appendix. 
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PRODUCT TERMS 



pypopcq 

SEMICONDUCTOR 


PRELIMINAR Y PLD C 18G8 


Functional Logic Diagram PLD C 18G8 


INPUT LINES 



-19 


-18 


.17 


■ 16 


• 15 


■ 14 


■ 13 


■ 12 


■ 1 1 


4-31 


PYPPTCC 

SEMICONDUCTOR 


PRELIMINAR Y PLD C 18G8 


Ordering Information 


Icc 

(mA) 

Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

90 

12 

PLD C 18G8-12PC 

P5 

Commercial 



PLD C 18G8-12WC 

W6 




PLD C 18G8-12VC 

V5 




PLD C 18G8-12JC 

J61 


70 

15 

PLD C 18G8L-15PC 

P5 

Commercial 



PLD C 18G8L-15WC 

W6 




PLD C 18G8L-15VC 

V5 




PLD C 18G8L-15JC 

J61 


90 

15 

PLD C 18G8-15PC 

P5 

Commercial 



PLD C 18G8-15WC 

W6 




PLD C 18G8-15VC 

V5 




PLD C 18G8-15JC 

J61 


110 

15 

PLD C 18G8-15DMB 

D6 

Military 



PLD C 18G8-15WMB 

W6 




PLDC 18G8-15LMB 

L61 


110 

20 

PLD C 18G8-20DMB 

D6 

Military 



PLDC 18G8-20WMB 

W6 




PLD C 1 8G8-20LMB 

L61 



Document #: 3 8-00080- A 





Features 

• Fast 

— Commercial: tpo = 15 ns, 
tco = 10 ns, ts = 12 ns 
— Military: tpo = 20 ns, 
tco = 15 ns, ts = 15 ns 

• Low power 

— Icc max.: 70 mA, 
Commercial 

— Icc max.: 100 mA, Military 

• Commercial and military 
temperature range 

• User-programmable output cells 
— Selectable for registered or 

combinatorial operation 
— Output polarity control 
— Output enable source 
selectable from pin 13 or 
product term 


• Generic architecture to replace 
standard logic functions 
including: 20L10, 20L8, 20R8, 
20R6, 20R4, 12L10, 14L8, 16L6, 
18L4, 20L2 and 20V8 

• Eight product terms and one OE 
product term per output 

• CMOS EPROM technology for 
reprogrammability 

• Highly reliable 

— Uses proven EPROM 
technology 

— Fully AC and DC tested 
— Security feature prevents 
logic pattern duplication 

— > 2000V input protection for 
electrostatic discharge 

— ± 10% power supply voltage 
and higher noise immunity 


Functional Description 

Cypress PLD devices are high speed 
electrically programmable Logic De- 
vices. These devices utilize the sum of 
products (AND-OR) structure provid- 
ing users the ability to program custom 
logic functions for unique require- 
ments. 


In an unprogrammed state the AND 
gates are connected via EPROM cells 
to both the true and complement of ev- 
ery input. By selectively programming 
the EPROM cells, AND gates may be 
connected to either the true or comple- 
ment or disconnected from both true 
and complement inputs. 

Cypress PLD C 20G10 uses an ad- 
vanced 0.8 micron CMOS technology 
and a proven EPROM cell as the pro- 
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PLD C 20G10B/PLD C 20G10 



Selection Guide 


Generic 

Part 

Number 

Icc 

tPD 

ts 

tco 

L 

Com/Ind 

Mil 

Com/Ind 

Mil 

Com/Ind 

Mil 

Com/Ind 

Mil 

20G10B-15 

— 

70 

— 

15 

— 

12 

— 

10 

— 

20G10B-20 

— 

70 

100 

20 

20 

12 

15 

12 

15 

20G1 0B-25 

— 

— 

100 

— 

25 

— 

18 

— 

15 

20G10-25 

— 

55 

— 

25 

— 

15 

— 

15 

— 

20G10-30 

— 

— 

80 

— 

30 

— 

20 

— 

20 

20G10-35 

— 

55 

— 

35 

— 

30 

— 

25 

— 

20G10-40 

— 

— 

80 

— 

40 

— 

35 

— 

25 


Functional Description (Continued) 

grammable element. This technology and the inherent ad- 
vantage of being able to program and erase each cell en- 
hances the reliability and testability of the circuit. This re- 
duces the burden on the customer to test and to handle 
rejects. 

A preload function allows the registered outputs to be pre- 
set to any pattern during testing. Preload is important for 
testing the functionality of the Cypress PLD device. 

20G10 Functional Description 

The PLD C 20G10 is a generic 24 pin device that can be 
programmed to logic functions which include but are not 
limited to: 20L10, 20L8, 20R8, 20R6, 20R4, 12L10, 14L8, 
16L6, 18L4, 20L2 and 20V8. Thus, the PLD C 20G10 
provides significant design, inventory and programming 
flexibility over dedicated 24 pin devices. It is executed in a 
24 pin 300 mil molded DIP and a 300 mil windowed Cer- 
dip. It provides up to 22 inputs and 10 outputs. When the 
windowed CERDIP is exposed to UV light, the 20G10 is 
erased and then can be reprogrammed. 

The Programmable Output Cell provides the capability of 
defining the architecture of each output individually. Each 
of the 10 output cells may be configured with “REGIS- 
TERED” or “COMBINATORIAL” outputs, “ACTIVE 
HIGH” or “ACTIVE LOW” outputs, and “PRODUCT 
TERM” or “PIN 13” generated output enables. Three Ar- 
chitecture Bits determine the configurations as shown in 
Table 1 and in Figures 2 through 9. A total of eight differ- 
ent configurations are possible, with the two most common 
shown in Figure 4 and Figure 6. The default or unpro- 
grammed state is REGISTERED/ACTIVE LOW/ 
PRODUCT TERM OE as shown in Figure 2. The entire 
Programmable Output Cell is shown in Figure 1. 

The architecture bit ‘CT controls the REGISTERED/ 
COMBINATORIAL option. In the “COMBINATORI- 
AL” configuration, the output can serve as an I/O pin, or 
if the output is disabled, as an input only. Any unused 
inputs should be tied to ground. In the “REGISTERED” 
configuration, the output of the register is fed back to the 
array. This allows the creation of control-state machines by 
providing the next state. The register is clocked by the 


signal from Pin 1. The register is initialized on power up to 
Q output LOW and Q output HIGH. 

In both the Combinatorial and Registered configurations, 
the source of the “OUTPUT ENABLE” signal can be indi- 
vidually chosen with architecture bit ‘C2’. The OE signal 
may be generated within the array, or from the external 
OE pin (Pin 1 3). The Pin 1 3 allows direct control of the 
outputs, hence having faster enable/disable times. 

Each output cell can be configured for “OUTPUT PO- 
LARITY”. The output can be either Active HIGH or Ac- 
tive LOW. This option is controlled by architecture bit 
‘CO’. 

Along with this increase in functional density, the Cypress 
PLD C 20G10 provides lower power operation through the 
use of CMOS technology, increased testability with a regis- 
ter preload feature and guaranteed AC performance 
through the use of a phantom array. The phantom array 
allows the 20G10 to be programmed with a test pattern 
and tested prior to shipment for full AC specifications 
without using any of the functionality of the device speci- 
fied for the product application. In addition, this same 
phantom array may be used to test the PLD C 20G10 at 
incoming inspection before committing the device to a spe- 
cific function through programming. 


Programmable Output Cell 



pin 13 0053-32 


Figure 1 
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SEMICONDUCTOR 


PLD C 20G10B/PLD C 20G10 


Configuration Table 

Table 1 


Figure 

c 2 

Cl 

Co 

Configuration 

2 

0 

0 

0 

Product Term OE/Registered/ Active LOW 

3 

0 

0 

1 

Product Term OE/Registered/ Active HIGH 

6 

0 

1 

0 

Product Term OE/Combinatorial/ Active LOW 

7 

0 

1 

1 

Product Term OE/Combinatorial/ Active HIGH 

4 

1 

0 

0 

Pin 13 OE/Registered/Active LOW 

5 

1 

0 

1 

Pin 13 OE/Registered/Active HIGH 

8 

1 

1 

0 

Pin 13 OE/Combinatorial/Active LOW 

9 

1 

1 

1 

Pin 13 OE/Combinatorial/ Active HIGH 


Registered Output Configurations 


-O 


c 2 = o 


=33- 


Figure 2. Product Term OE/ Active LOW 



C 2 = 1 
Cl = 0 
Co = 0 


Figure 4. Pin 13 OE/Active LOW 


-o 


-D — 

D Q 

Cl = 0 

[>0- Co = 0 

-D — 

D Q 

CP 

> Q 

1 

CP 

> Q 


c 2 = o 

Ci = o 

CS- 


=3^ 


Figure 3. Product Term OE/Active HIGH 



C 2 = 1 
Cl = 0 
Co= 1 


Combinatorial Output Configurations ^ 



c 2 = o 
Cl - 1 
Co = 0 


0053-33 

Figure 6. Product Term OE/Active LOW 


=33- 


C 2 = 1 
Cl = 1 
Co = o 


0053-35 

Figure 8. Pin 13 OE/Active LOW 



C 2 = 0 
Cl = 1 
Co = 1 


0053-34 

Figure 7. Product Term OE/Active HIGH 


-D-K> 


c 2 = 1 

Ci = 1 
Co = 1 


0053-36 

Figure 9. Pin 13 OE/Active HIGH 
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PLD C 20G10B/PLD C 20G10 



Maximum Ratings 


(Above which the useful life may be impaired. For user guidelines, not tested.) 

Storage Temperature — 65° C to + 150°C 

Ambient Temperature with 


Power Applied — 55°C to + 125°C 

Supply Voltage to Ground Potential —0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State —0.5V to + 7.0V 

DC Input Voltage —3.0V to +7.0V 

Output Current into Outputs (Low) 16 mA 

DC Programming Voltage 

PLD C 20G10B and CG7C323B-A 13.0V 

PLD C 20G10 and CG7C323-A 14.0V 


Static Discharge Voltage > 2001V 

(per MIL-STD-883 Method 3015) 

Latchup Current > 200 mA 


Operating Range 


Range 

Ambient 

Temperature 

v C c 

Commercial 

0°C to + 75°C 

5V ± 10% 

Military W 

— 55°C to +125°C 

5V ± 10% 

Industrial 

— 40°C to + 85°C 

5V ± 10% 


Electrical Characteristics Over Operating Range (Unless Otherwise Noted) t 6 ] 


Parameters 

Description 

Test Conditions 

Min. 

Max. 

Units 

VoH 

Output HIGH Voltage 

V C c = Min. 

Vin = Vm or Vil 

Ioh — — 3.2 mA 

COM’L/IND 

H 


n 

Ioh = -2 mA 

Military 

VOL 

Output LOW Voltage 

V C c = Min. 

Vin = Vih or V IL 

Iol = 16 mA 

COM’L/IND 


0.5 


lOL = 12 mA 

Military 

VlH 

Input HIGH Level 

Guaranteed Input Logical HIGHl'l Voltage for all Inputs 

2.0 


■ 

VlL 

Input LOW Level 

Guaranteed Input Logical LOWl'l Voltage for all Inputs 


0.8 

n 

Iix 

Input Leakage Current 

Vss ^ Vin ^ Vcc 

-10 

10 

jaA 

isc 

Output Short Circuit 
Current 

Vcc = Max., Vqut = 0.5V I 2 ! 


-90 

mA 

Icc 

Power Supply Current 

0 ^ Vin ^ Vcc 

Vcc = Max., Iout = 0 mA 
Unprogrammed Device 

COM’L/IND -15, -20 


70 

mA 

COM’L/IND -25, -35 


55 

Military -20, -25 


100 

Military -30, -40 


80 

Ioz 

Output Leakage Current 

Vcc — Max., Vss ^ Vqut ^ Vcc 

-100 

100 

juA 
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Capacitance ^ 


Parameters 

Description 

Test Conditions 

Max. 

Units 

ClN 

Input Capacitance 

T a = 25°C, f = 1 MHz 

4 

pF 

COUT 

Output Capacitance 

Vin = 0, V CC = 5.0V 

7 


Switching Characteristics PLD C 20G10 Over Operating Ranged 


Parameters 

Description 

Commercial 

Military 

Units 

B-15 

B-20 

-25 

-35 

B-20 

B-25 

-30 

-40 






h T > pYf 











tpD 

Input to Output 
Propagation Delay t 14 l 


15 


20 


25 


35 


20 


25 


30 


40 

ns 

tEA 

Input to Output 

Enable Delay 


15 


20 


25 


35 


20 


25 


30 


40 

ns 

tER 

Input to Output 

Disable Delay 19] 


15 


20 


25 


35 


20 


25 


30 


40 

ns 

tpzx 

OE Input to Output 
Enable Delay 


12 


15 


20 


25 


17 


20 


25 


25 

ns 

tpzx 

OE Input to Output 
Disable Delay 


12 


15 


20 


25 


17 


20 


25 

n 

25 

ns 

tco 

^^5 . • 


10 


12 


15 


25 


15 


15 


20 

■ 

25 

ns 

ts 

Input or Feedback 

Setup Time 

12 


12 


15 


30 


15 


18 


20 


35 


ns 

tH 

Input Hold Time 

0 


0 


0 




0 


0 


n 


0 



tp 


22 


24 


30 

■ 


■ 

30 


33 


40 


60 


ns 

tWH 

Clock Width HIGH [3.8] 

8 


ua 


m 




ra 


D 


E3 





t\VL 

Clock Width LOW^-S] 

8 


B3 


m 


El 


o 


El 


ua 





fMAXl 

External Maximum 
Frequency 
(i/(tco + ts))t*°] 

45.4 

■ 

41.6 

■ 

33.3 

■ 

18.1 

■ 

33.3 

1 

30.3 

1 

25.0 

1 

16.6 

■ 

MHz 

fMAX2 

Data Path 

Maximum Frequency 
(l/(tWH + twL))[ ll] 

62.5 

■ 

50.0 

■ 

41.6 

1 

29.4 


41.6 

1 

35.7 


31.2 


22.7 

1 

MHz 

fMAX3 

Internal Feedback 
Maximum Frequency 
(l/(tCF + ts)p 12] 

66.6 

■ 

45.4 

1 

35.7 

1 

20.8 

1 

33.3 


32.2 


28.5 

■ 

18.1 


MHz 

tCF 

Register Clock to 
Feedback Input t 13 ] 


3.0 


10 


13 


18 


13 


13 


15 


20 

ns 


Notes: 


1. These are absolute values with respect to device ground and all over- 
shoots due to system or tester noise are included. 

2. Not more than one output should be tested at a time. Duration of the 
short circuit should not be more than one second. Vout = 0.5V has 
been chosen to avoid test problems caused by tester ground degrada- 
tion. 

3. Tested initially and after any design or process changes that may 
affect these parameters. 

4. Figure 11a test load used for all parameters except tER> tpzx and 
tpxz- Figure lib test load used for tER, tpzx and tpxz- See Figure 10 
for waveforms. 

5. Bidirectional I/O configurations are possible only when the combina- 
torial output option is selected. 

6. See the last page of this specification for Group A subgroup testing 
information. 

7. Ta is the “instant on” case temperature. 

8. Tested by periodically sampling production product. 


9. This parameter is measured as the time after output disable input 
that the previous output data state remains stable on the output. This 
delay is measured to the point at which a previous high level has 
fallen to 0.5 volts below Voh Min. or a previous low level has risen 
to 0.5 volts above Vol Max. Please see Figure 10 for enable and 
disable waveforms and measurement reference levels. 

10. This specification indicates the guaranteed maximum frequency at 
which a state machine configuration with external feed back can 
operate. 

11. This specification indicates the guaranteed maximum frequency at 
which an individual output register can be cycled. 

12. This specification indicates the guaranteed maximum frequency at 
which a state machine configuration with internal only feed back can 
operate. This parameter is tested periodically by sampling produc- 
tion product. 

13. This parameter is calculated from the clock period at fMAX internal 
(fMAX3) as measured (see note 12 above) minus ts- 

14. This specification is guaranteed for all device outputs changing state 
in a given access cycle. 
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Test Waveforms 


Parameter 

v x 

tpxz( - ) 

1.5V 

tpxz( + ) 

2.6V 

tpzx( + ) 

Vthc 

tpzx( - ) 

Vthc 

tER( - ) 

1.5V 

tER( + ) 

2.6V 

tEA( + ) 

Vthc 

tEA( - ) 

Vthc 


AC Test Loads and Waveforms (Commercial) 


R1 238X1 
(319X1 MIL) 


R1 238X1 
(319X1 MIL) 



JIG AND - 
SCOPE 


Figure 11a 


Figure lib 


PLD C 20G10B/PLD C 20G10 


Output Waveform — Measurement Level 



V 0L 0053-45 


“ V X 0053-42 



^ 5 ns — 

Figure 12 


Equivalent to: THEVENIN EQUIVALENT (Commercial) 

99X1 

OUTPUT O W V O 2.08V = V thc 


Equivalent to: THEVENIN EQUIVALENT (Military) 

136X1 


Switching Waveforms 


INPUTS, I/O, 
REGISTERED 
FEEDBACK 



For more information regarding PLD devices, refer to the Application Brief in the Appendix. 
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Functional Logic Diagram PLD C 20G10 

INPUT LINES 



.23 


■ 22 


.20 


19 


16 


13 
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Erasure Characteristics 

Wavelengths of light less than 4000 Angstroms begin to 
erase the PLD C 20G10. For this reason, an opaque label 
should be placed over the window if the device is exposed 
to sunlight or fluorescent lighting for extended periods of 
time. In addition, high ambient light levels can create hole- 
electron pairs which may cause “blank” check failures or 
“verify errors” when programming “windowed” parts. 

This phenomenon can be avoided by use of an opaque label 
over the window during programming in high ambient 
light environments. 

The recommended dose for erasure is ultraviolet light with 
a wavelength of 2537 Angstroms for a minimum dose (UV 
intensity X exposure time) of 25 Wsec/cm 2 . For an ultra- 
violet lamp with a 12 mW/cm 2 power rating, the exposure 
would be approximately 35 minutes. The PLD C 20G10 
needs to be placed within 1 inch of the lamp during era- 
sure. Permanent damage may result if the device is exposed 
to high intensity UV light for an extended period of time. 
7258 Wsec/cm 2 is the recommended maximum dosage. 

Device Programming 

The PLD C 20G10 can be programmed on inexpensive 
conventional PROM/EPROM programmers with appro- 
priate personality or socket adapters and the CY3000 
QuickPro programmer. Once the PLD device is pro- 
grammed, one additional location can be programmed to 
prohibit logic pattern verification. This security feature 
gives the user additional protection to safeguard his propri- 
etary logic. This feature is highly reliable and due to 
EPROM technology it is impossible to visually read the 
programmed cell locations. 

The PLD C 20G10 has multiple programmable functions. 
In addition to the normal array, a “PHANTOM” array, 
“TOP and BOTTOM TEST” and a “SECURITY” feature 
are programmable. The PLD C 20G10 security mecha- 
nism, when invoked, prevents access to the “NORMAL” 
and “TOP/BOTTOM TEST” array. The “PHANTOM” 
array feature is still accessible, allowing programming and 
verification of the pattern in the “PHANTOM” array. 
Functional operation of all other features is allowed re- 
gardless of the state of the “SECURITY BIT”. In addition, 
the device contains 10 programmable output cells which 
are programmed to configure the device functionality for 
each specific application. 

The logic array is divided into a “NORMAL” array and a 
“PHANTOM” array. The normal array is used to config- 
ure the device to perform a specific function as required by 
the user, and the phantom array is provided as a test array 
for Cypress’ testing the device prior to user programming 
thus assuring a reliable, thoroughly tested product. The 
“PHANTOM” array contains four additional columns 
connected to input pins 2 (TRUE), 7 (INVERTING), 10 
(TRUE) and 1 1 (TRUE). These inputs may be pro- 
grammed to be connected to all normal product terms. 

This allows all sense amplifiers and programmable output 
cells to be exercised for both functionality and performance 
after assembly and prior to shipment. These features are in 
addition to the normal array. They do not affect normal 
operation, allowing the user full programming of the nor- 
mal array, while allowing the device to be fully tested. 


The “TOP TEST” and “BOTTOM TEST” feature, allow 
connection of all input terms to either pin 23 or 13. These 
locations may be programmed and subsequently exercised 
in the “TOP TEST” and “BOTTOM TEST” mode. Like 
the Phantom array above, this feature has no effect in the 
normal mode of operation. Cells in the PHANTOM AR- 
RAY, TOP TEST, and BOTTOM TEST areas are pro- 
grammed at Cypress during the manufacturing operation, 
and they therefore will be programmed when received in a 
non-windowed package by the user. Consequently, the user 
will normally have no need to program these cells. 

The architecture bits Co, Ci and C 2 are used to configure 
each programmable output cell individually. Co selects out- 
put polarity, Ci selects the combinatorial or registered 
mode of operation and C 2 selects the source of output en- 
able. If the registered mode of operation is selected, the 
feedback path is automatically selected to be from the reg- 
ister. In the combinatorial mode the feedback path is auto- 
matically selected to be from the I/O pin. In this combina- 
torial mode, the output from the array may be fed into the 
array or if the output is deselected using the output enable 
product term the pin may be used as an external input. 
There is not a mode where the I/O pin may be used as a 
combinatorial output or an input pin, while the register is 
used as a state register. The architecture bits are pro- 
grammed as a separate item during normal programming. 
An I/O pin is configured to be an input by programming 
the output cell into a combinatorial mode and disabling the 
ouput with the output enable product term. 

Pinout 

The PLD C 20G10 PROGRAMMING pinout is shown in 
Figure 13. In the Programming pinout configuration, the 
device may be programmed and verified for the NORMAL 
mode of operation and also programmed, verified and op- 
erated in PHANTOM and TEST modes. These special 
modes of operation are achieved through the use of super- 
voltages applied to certain pins. Care should be exercised 
when entering and exiting these modes, paying specific at- 
tention to both the operating modes as specified in Table 1 
and the sequencing of the supervoltages as shown in the 
timing diagrams. 

Programming Pinout 


Vpp 

A0 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 

V SS 


0053-27 

Figure 13 


1 

24 

^ V CC 

2 

23 

□ DO 

3 

22 

□ D1 

4 

21 

□ D2 

5 

20 

□ D3 

6 

19 

□ D4 

7 

18 

□ D5 

8 

17 

□ D6 

9 

16 

□ D7 

10 

15 

□ D8 

11 

14 

□ D9 

12 

13 

□ PGM/VF 
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Programming Algorithm 

With the exception of the Security bit, all arrays are pro- 
grammed in a similar manner. The data to be programmed 
is represented by a “1” or “0” on the I/O pins. A “1” 
indicates that an unprogrammed location is to be pro- 
grammed and a “0” indicates that an unprogrammed loca- 
tion is to remain unprogrammed. All locations to be pro- 
grammed are addressed as row and column locations. Ta- 
ble 2 “Operating Modes” along with Tables 3 through 6 
provide the specific address for each addressed location to 
be programmed along with mode selection information for 
both programming and operation in the “PHANTOM” 
and “TEST” modes. 

When programming the security bit, a supervoltage on pin 
3 is used as data with a programming pulse on pin 13. 
Verification is controlled with a supervoltage on pins 4 and 
the data out on pin 3. 

20G10 JEDEC Map 

The 20G10 JEDEC Map is organized as follows: the 
EPROM fuses for the product terms and input lines are 
located between 0000 and 3959 (decimal). The architecture 
bits are located between locations 3960 and 3989. Location 
3960 is the Polarity Bit (CO), location 3961 is the Regis- 
tered/Combinatorial Bit (Cl), and location 3962 is the 
Output Enable Bit (C2) for output pin 23. Locations 3963, 
3964, and 3965 are the architecture bit locations for output 
pin 22. This pattern repeats for output pins 21, 20, 19, 18, 
17, 16, 15, and 14. 


These provide NORMAL operation, PHANTOM opera- 
tion, TOP TEST, BOTTOM TEST and a register preload 
feature for testing. 

In the normal operating mode, all signals are TTL levels 
and the device functions as it is internally programmed in 
the NORMAL array. In the PHANTOM mode of opera- 
tion, the device operates logically as a function of the con- 
tents of the PHANTOM array. In this mode pins 2, 10 & 

1 1 are non-inverting inputs and pin 7 is an inverting input. 
The programmable output cells function as they are pro- 
grammed for normal operation. If the programmable out- 
put cells have not yet been programmed, they are in a reg- 
istered inverting configuration. The PHANTOM mode is 
invoked by placing a supervoltage Vpp on pin 6. Care 
should be exercised when entering and leaving this mode 
that the supervoltage is applied no sooner than 20 ms after 
the Vcc is stable, and removed a minimum of 20 ms before 
Vcc is removed. 

TOP and BOTTOM TEST 



The TOP TEST and BOTTOM TEST modes are entered 
and exited in the same manner, with the same concern for 
power sequencing, but the supervoltage is applied to pins 9 
& 10 respectively. In these modes an extra product term 
controls an output pin. TOP TEST controls pin 23, and 
BOTTOM TEST controls pin 14. These product terms are 
controlled by the normal device inputs, and allow testing of 
all input structures. 


Preload 


Operating Modes 

Table 2 describes the operating and programming modes of 
the PLD C 20G10. The majority of the programming 
modes function with a PROGRAM, PROGRAM INHIB- 
IT and PROGRAM VERIFY sequence. The exception is 
the Security Program operation, which shows no program 
inhibit function. Two timing diagrams are provided for 
these two different methodologies of programming in Fig- 
ures 15 & 16. Tables 3 through 6 are used as indicated to 
provide the individual addresses of the various arrays and 
cells to be programmed. There are 5 operating modes in 
addition to the programming modes for the PAL C 22V 10. 


Finally for testing of programmed functions, a preload fea- 
ture allows any or all of the registers to be loaded with an 
initial value for testing. This is accomplished by raising pin 
8 to a supervoltage Vpp, which puts the output drivers in a 
high impedance state. The data to be loaded is then placed 
on the I/O pins of the device and is loaded into the regis- 
ters on the positive edge of the clock on pin 1 . A “0” on the 
I/O pin preloads the register with a “0” and a “1” preloads 
the register with a “1”. The actual signal on the output pin 
will be the inversion of the input data. The data on the I/O 
pins is then removed, and pin 8 returned to a normal TTL 
voltage. Again care should be exercised to power sequence 
the device properly. 
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Operating Modes 


Table 2 


Operating Modes 

Pin 

1 

Pin 

2 

Pin 

3 


Pin 

5 

Pin 

6 

Pin 

7 

Pin 

8 



Pin 

9 

Pin 

10 

Pin 

11 

Pin 

13 

Pin 

14 

Pin 

17 

Pin 

20 

Pins 

15, 16, 18, 
19, 21 & 22 

Pin 

23 

Feature 

Function 

Main 

Array 

Product 

Program 


Table 3 

Table 4 


Data In 

Program Inhibit 

EES 


High Z 

Program Verify! 3 ! 



Data Out 

Output 

Enable 

Product 

Terms 

Program 


Table 3 

EH! 





Data In 

Program Inhibit 



BS 


ESS 


High Z 

Program Verify 


EH! 

B 


EH 


Data Out 

Top Test, 
Bottom Test 

Notes 

Program 

Vpp 

Table 3 

VlHP 

VlHP 

VlHP 

VlHP 

Vpp 

Data 

In 

Data 

In 

Data 

In 

Vilp 

Data 

In 

Program Inhibit 

Ei 


B 

BS 

Eli 


High Z 

HighZ 

HighZ 

HighZ 


Program Verify 

Vpp 

VlHP 

VlHP 

VlHP 

VfflP 

Vilp 

Data 

Out 

Data 

Out 

Data 

Out 

Driven 

Data 

Out 

Architec- 
ture Bits 

Program 




B 

BBS 


B 

EES 

Table 5 

EH 


Data In 

Program Inhibit 



EH! 






ESI 

B 

HighZ 

Program Verify 






SB 

M 


EH 


Data Out 

Security 

Bit 

Program 

EB 

Eli 

Bl 


Sfl 

B 


HIS 

os 



EH 

Vilp 

Vilp 

Vilp 

Vilp 

Vilp 

Verify 

VlLP 

VlLP 

Data 

Out 

Vpp 

VlLP 

VlLP 

VlLP 

VlLP 

VlLP 

VlLP 

VlLP 

Vilp 

Driven Outputs 

PAL 

Mode 

Operation 

Normal 

ES 

1 

1 

I 

I 

1 

I 

I 

I 

I 

I 

I 

I/O 

Phantom 

EH 

1 


EH 

EH 

m 

1 

EH 


n 

I 


Output 

Top Test 

i 

I 

I 

i 

i 

i 

I 

i 

Eh 

i 

I 

I 

NA 

Out 

Bottom Test 

i 

1 

I 

i 

i 

i 

I 

i 

i 

Ell 

I 

I 

Out 

NA 

Reg Preload 





HU 

d& 


E9 


EH 


EH 

Data In 

Phantom 

Array 

Product 

Terms 

Program 

Vpp 

VlLP 

VlLP 

Table 6 

VlLP 

Vpp 

Table 4 

E9 

Data In 

Program Inhibit 

HI 

BH 



EH 

EH! 

HighZ 

Program Verify 

Vpp 

VlLP 

VlLP 

VlLP 

Vpp 

EIH 

Data Out 

Phantom 

Output 

Enable 

Product 

Terms 

Program 




Table 6 

IB 



m 

JH 



Data In 

Program Inhibit 



EIH 




OB 



EH! 

HighZ 

Program Verify 




m 

m 


M 


nu 


Data Out 


Notes: 


1. DATA IN and DATA OUT for programming Synchronous Set, 2. The preload clock on pin 1 loads the Registers on a LOW going 

Asynchronous Reset, TOP TEST and BOTTOM TEST is pro- HIGH transition. 

grammed and verified on the following pins. 3 . it is necessary to toggle OE (Pin 13) HIGH during all address tran- 

Pin 14 = BOTTOM TEST sitions while in the program verify/blank check mode. 

Pin 17 = Synchronous Set 
Pin 20 = Asynchronous Reset 
Pin 23 = TOP TEST 
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Input Term Addresses 

Table 3 is used during the programming and verification of It provides the addressing for the 44 normal input term 

the main array, output enable, asynchronous reset, syn- columns which are connected with an EPROM transistor 

chronous preset, TOP and BOTTOM TEST as shown in to the product terms. 

Table 2. 


Input Term Addresses 

Table 3 


Input 

Pin 

Pin 

Pin 

Pin 

Pin 

Pin 

Term 

2 

3 

4 

5 

6 

7 

0 

msm 

VlLP 

VlLP 

■ fc 

■ 

VlLP 

1 

wfHH 

VlLP 

VlLP 

■ . 


VlLP 

2 

H19- 

VlHP 

VlLP 

IS1E 

1 

VlLP 

3 

HsESH 

VlHP 

VlLP 

VlLP 


VlLP 

4 

HisH 

VlLP 

VlHP 

VlLP 


VlLP 

5 

■glH 

VlLP 

VlHP 

VlLP 


VlLP 

6 


VlHP 

VlHP 

VlLP 

iiiiife-. 1 JSgfi 

VlLP 

7 

VlHP 

VlHP 

VlHP 

VlLP 

VlLP 

VlLP 

8 

VlLP 

VlLP 

VlLP 

VlHP 

VlLP 

VlLP 

9 

VlHP 

VlLP 

VlLP 

VlHP 

VlLP 

VlLP 

10 

VlLP 

VlHP 

VlLP 

VlHP 

VlLP 

VlLP 

11 

VlHP 

VlHP 

VlLP 

VlHP 

VlLP 

VlLP 

12 

VlLP 

VlLP 

VlHP 

VlHP 

VlLP 

VlLP 

13 

VlHP 

VlLP 

VlHP 

VlHP 

VlLP 

VlLP 

14 

VlLP 

VlHP 

VlHP 

VlHP 

VlLP 

VlLP 

15 

VlHP 

VlHP 

VlHP 

VlHP 

VlLP 

VlLP 

16 

VlLP 

VlLP 

VlLP 

VlLP 

VlHP 

VlLP 

17 

VlHP 

VlLP 

VlLP 

VlLP 

VlHP 

VlLP 

18 

VlLP 

VlHP 

VlLP 

VlLP 

VlHP 

VlLP 

19 

VlHP 

VlHP 

VlLP 

VlLP 

VlHP 

VlLP 

20 

VlLP 

VlLP 

VlHP 

VlLP 

VlHP 

VlLP 

21 

VlHP 

VlLP 

VlHP 

VlLP 

VlHP 

VlLP 

22 

VlLP 

VlHP 

VlHP 

VlLP 

VlHP 

VlLP 

23 

VlHP 

VlHP 

VlHP 

VlLP 

VlHP 

VlLP 

24 

VlLP 

VlLP 

VlLP 

VlHP 

VfflP 

VlLP 

25 

VlHP 

VlLP 

VlLP 

VlHP 

VlHP 

VlLP 

26 

VlLP 

VfflP 

VlLP 

VlHP 

VlHP 

VlLP 

27 

VlHP 

V IHP 

VlLP 

VlHP 

VfflP 

VlLP 

28 

VlLP 

VlLP 

VlHP 

VlHP 

VfflP 

VlLP 

29 

VlHP 

VlLP 

VlHP 

VlHP 

VfflP 

VlLP 

30 

VlLP 

VlHP 

VlHP 

VlHP 

Vfflp 

VlLP 

31 

VlHP 

V IHP 

VlHP 

VlHP 

VfflP 

VlLP 

32 

VlLP 

VlLP 

VlLP 

VlLP 

VlLP 

VfflP 

33 

VlHP 

VlLP 

VlLP 

VlLP 

VlLP 

Vfflp 

34 

VlLP 

VlHP 

VlLP 

VlLP 

VlLP 

VfflP 

35 

VlHP 

VlHP 

VlLP 

VlLP 

VlLP 

Vfflp 

36 

VlLP 

VlLP 

VlHP 

VlLP 

VlLP 

VlHP 

37 

VlHP 

VlLP 

VlHP 

VlLP 

VlLP 

Vfflp 

38 

VlLP 

VlHP 

VlHP 

VlLP 

VlLP 

Vfflp 

39 

VlHP 

V IHP 

VlHP 

VlLP 

VlLP 

Vfflp 

40 

VlLP 

VlLP 

VlLP 

VlHP 

VlLP 

Vfflp 

41 

VlHP 

VlLP 

VlLP 

VlHP 

VlLP 

Vfflp 

42 

VlLP 

VlHP 

VlLP 

VlHP 

VlLP 

Vfflp 

43 

VlHP 

VlHP 

VlLP 

VlHP 

VlLP 

VfflP 
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Product Term Addresses 

Table 4 is used for the programming of the “PHANTOM” 
and normal array. It provides the addressing for the 8 
product terms associated with each input. 


Product Term Addresses 

Table 4 


Product 

Term 

Pin 

8 

Pin 

9 

Pin 

10 

Pin 

11 

0 

VlLP 

VlLP 

VlLP 

VlLP 

1 

VlHP 

VlLP 

VlLP 

VlLP 

2 

VlLP 

VlHP 

VlLP 

VlLP 

3 

VlHP 

VlHP 

VlLP 

VlLP 

4 

VlLP 

VlLP 

VlHP 

VlLP 

5 

VlHP 

VlLP 

VlHP 

VlLP 

6 

VlLP 

VlHP 

VlHP 

VlLP 

7 

VlHP 

VlHP 

VlHP 

VlLP 


Architecture Bit Addressing 

Table 5 provides the addressing for the architecture bits 
used to control the configuration of the individual Pro- 
grammable Output Cells. In the unprogrammed state, the 
Programmable Output Cells are in a registered, active low 
or inverting configuration with output enable controlled 
from the product term. They are programmed with a “1” 
on the pin associated with the Programmable Output Cells 
and the appropriate address as shown in Table 5. Each 
architecture bit that is not to be programmed, requires a 
“0” on the I/O pin associated with the Programmable Out- 
put Cells. 


Architecture Bit Addressing 

Table 5 


Architecture 

Bit 

Pin 

9 

Pin 

10 

Output 

Polarity 

CO 

VlLP 

VlLP 

Register/ 
Combinatorial 
Output Cl 

VlHP 

VlLP 

Product Term/ 

Pin 13 

Output Enable 

C2 

VlLP 

VlHP 


Phantom Input Term Addressing 

Phantom input terms are addressed as columns PO thru P3 
and represent inputs from pins 2, 7, 10 and 1 1 respectively. 


Pin 7 is inverted, and the remaining 3 are normal non-in- 
verting. This PHANTOM array allows the output struc- 
tures to be tested. They are only present in PHANTOM 
modes of operation. 


Phantom Input Term Addresses 

Table 6 



Pin 

4 

Pin 

5 

P0 


■ 

PI 

mm §& 

■ 

P2 


■ 

P3 

WmSsaKi 



Programming Flow Chart 

The programming flow chart describes the sequence of op- 
erations for programming the NORMAL and PHANTOM 
arrays, the NORMAL and PHANTOM output enable 
product terms, the set and preset product terms, the Top 
Test product term, the Bottom Test product term, and the 
architecture bits. The exact sequencing and timing of the 
signals is shown in the “Array Programming Timing Dia- 
gram”. 

The logical sequence to program the device is described in 
detail in the flow chart below, and should be followed ex- 
actly for optimum intelligent programming that both mini- 
mizes programming time and realizes reliable program- 
ming. Particular attention should be paid to the application 
of Vcc prior to Vpp, and removal of Vpp prior to Vcc- See 
Figure 14 and Table 8 for specific timing and AC require- 
ments. Notice that all programming is accomplished with- 
out switching Vpp on pin 1 and that after programming 
and verifying all locations individually, the programmed 
locations should be verified one final time. 

The normal word programming cycle, programs and veri- 
fies a word at a time as shown in the programming flow- 
chart, Figure 13 and timing diagram Figure 14. After all 
locations are programmed, the flowchart requires a verify 
of all words. There is no independent timing diagram for 
this operation, rather Figure 14 also provides the correct 
timing information for this operation. When performing 
this verify only operation, eliminate the program portion of 
the cycle but maintain the setup and hold timing relative to 
the verify pulse. Under no circumstances should the verify 
signal be held low and the addresses toggled. 

Note that the overprogram pulse in step 10 of the program- 
ming flowchart is a variable, “4” times the initial value 
when programming the NORMAL, PHANTOM, TOP 
TEST, BOTTOM TEST and OUTPUT ENABLE product 
terms and “8” times the initial value when programming 
the ARCHITECTURE BITS. 
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Programming Flowchart 


PLD C 20G10B/PLD C 20G10 




INCREMENT 

ADDRESS 

i 

i 


START 
V cc = 5.0V 


Vpo = SEE NOTE 2 


ADDRESS FIRST LOCATION, 


FAIL 


NO 


PLACE DATA TO BE PROGRAMMED 
ON THE I/O PINS 


X = 0 


PROGRAM ONE PULSE 
OF 0.4 ms 


X = X + 1 


X = 5 ? 


YES 


. NO 


VERIFY ONE WORD 


.PASS 


PROGRAM ONE PULSE OF 
((NOTE 1) * 0.4 * X) ms 


Notes: 

1. This value is “4” for programming 
the NORMAL array, PHANTOM 
array TOP TEST, BOTTOM TEST 
and OUTPUT ENABLE PROD- 
UCT TERMS. The value is “8” 
when programming ARCHITEC- 
TURE BITS. 

2. Vpp Programming Voltage: 

For 7C323B and 20G10B = 12.5V 
For 7C323 and 20G10 = 13.5V. 


FAIL 


X = 5 


YES 


H DEVICE FAIL 


NO 


VERIFY BYTE 

I pass' 


LAST ADDRESS 


| YES 


VERIFY ALL WORDS AT 

FAIL J 


V CCP = 5.5 VOLTS 

► 

DEVICE FAIL 


PASS 


GOOD DEVICE 

~~r~ 


Vpp = o.ov 


£ 


Vcc = °-°v 

STOP 


Figure 14 
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Timing Diagrams 

Programming timing diagrams are provided for two cases, 
programming of all cells except the SECURITY BIT and 
programming the SECURITY BIT. 

Array 

Programming the NORMAL and PHANTOM arrays and 
output enables, reset, preset, architecture bits and the top/ 
bottom test features uses the timing diagram in Figure 15. 
ADDRESS refers to all applicable information in Tables 2 
through 6 that is not specifically referenced in the timing 
diagram. DATA IN is provided on the I/O pins and 

Programming Waveforms 


DATA OUT is verified on the same pins. A “1” (Vihp) on 
an I/O pin causes the addressed location to be pro- 
grammed. A “0” on the I/O pin leaves the addressed loca- 
tion to be unprogrammed. All setup hold and delay times 
must be met, and in particular the sequence of operations 
should be strictly followed. During verify only operation it 
is not acceptable to hold PGM/VFY low and sequence 
addresses, as it violates address setup and hold times. Prop- 
er sequencing of all power and supervoltages is essential, to 
reliable programming of the device as improper sequencing 
could result in device damage. 



Notes: 

1. Power, Vpp & Vcc should not be cycled for each program/ verify 2. For programming OE Product Terms & Architecture bits, Pin 1 1 

cycle, but may remain static during programming. (A9) must go to Vpp and satisfy Tas and Tan- 

Figure 15 
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Security Cell 

The security cell is programmed independently per the tim- 
ing diagram in Figure 16, and the information in Table 2. 
Note again that proper sequencing of power and program- 
ming signals is required. Data in is represented as a super- 
voltage on pin 3 and verified as a TTL signal output on the 

Programming Waveforms Security Cell 


same pin. A “0” on pin 3 indicates that the security bit has 
been programmed, and a “1” indicates that security bit has 
not been programmed. Security is programmed with a sin- 
gle 50 ms pulse on pin 13. A supervoltage on pin 4 is used 
to verify security after Vpp has been removed from pin 1. 



Figure 16 
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DC Programming Parameters Ta = 25°C 

Table 7 


Parameter 

Description 

Min. 

Max. 

Units 

Vp P for PLD C 20G10B 
and for CG7C323B-A 

Programming Voltage 

12.0 

13.0 

Volts 

V PP for PLD C 20G10 
and for CG7C323-A 

Programming Voltage 

13.0 

14.0 

Volts 

Vccp 

Supply Voltage 

During Programming 

4.75 

5.25 

Volts 

Vihp 

Input HIGH Voltage 

During Programming 

3.0 

Vccp 

Volts 

ViLP 

Input LOW Voltage 

During Programming 

-3.0 

0.4 

Volts 

Voh 

Output HIGH Voltage 

2.4 


Volts 

VoL 

Output LOW Voltage 


0.4 

Volts 

Ipp 

Programming 

Supply Current 


40 

mA 


AC Programming Parameters 


Table 8 


Parameter 

Description 

Min. 

Max. 

Units 

T P 

Delay to Programming 

Voltage 

20 


ms 

Tdp 

Delay to Program 

1 


JUS 

Thp 

Hold from Program 
or Verify 

1 


JUS 

Tr,f 

Vpp Rise & Fall Time 

50 


ns 

Tas 

Address Setup Time 

1 


JUS 

Tah 

Address Hold Time 

1 


JUS 

Tds 

Data Setup Time 

1 


JUS 

Tdh 

Data Hold Time 

1 


jus 

Tpp 

Programming Pulsewidth 

0.4 

10 

ms 

Tspp 

Programming Pulsewidth 
for Security 

50 


ms 

Tdv 

Delay from Program 
to Verify 

2 


JUS 

Tvd 

Delay to Data Out 


1 

JUS 

Tvp 

Verify Pulse Width 

2 


JUS 

TdZ 

Verify to High Z 


1 

JUS 
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Typical DC and AC Characteristics 

NORMALIZED SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 



NORMALIZED SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 



NORMALIZED PROPAGATION 
DELAY vs. SUPPLY VOLTAGE 



SUPPLY VOLTAGE (VI 


AMBIENT TEMPERATURE CCI 


SUPPLY VOLTAGE (VI 


NORMALIZED PROPAGATION DELAY 
vs. TEMPERATURE 


DELTA PROPAGATION TIME 
vs. OUTPUT LOADING 


NORMALIZED SETUP TIME 
vs. SUPPLY VOLTAGE 



AMBIENT TEMPERATURE CCI 


NORMALIZED SETUP TIME 
vs. TEMPERATURE 




NORMALIZED CLOCK TO OUTPUT 
TIME vs. SUPPLY VOLTAGE 




SUPPLY VOLTAGE (V) 

NORMALIZED CLOCK 
TO OUTPUT 

TIME vs. TEMPERATURE 



AMBIENT TEMPERATURE ("Cl 


SUPPLY VOLTAGE (VI 


AMBIENT TEMPERATURE CC) 


DELTA CLOCK TO OUTPUT TIME 
vs. OUTPUT LOADING 


OUTPUT SINK CURRENT 
vs. OUTPUT VOLTAGE 


OUTPUT SOURCE CURRENT 
vs. VOLTAGE 





CAPACITANCE (pF) 


OUTPUT VOLTAGE (V) 


OUTPUT VOLTAGE (V) 
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Ordering Information 


tpD 

(ns) 

ts 

(ns) 

tco 

(ns) 

Icc 

(mA) 

Ordering Code 

Package 

Operating 

Range 

15 

12 

10 

70 

PLD C 20G10B-15PC/PI 

P13 

Commercial/ 





PLD C 20G10B-15WC/WI 

W14 

Industrial 





PLD C 20G 1 0B- 1 5 JC/JI * 

J64 






PLD C 20G10B-15HC 

H64 






CG7C323B-A 1 5 JC/JI t 1 5] 

J64 






CG7C323B-A 1 5HC 

H64 


20 

12 

12 

70 

PLD C 20G 10B-20PC/PI 

P13 

Commercial/ 





PLD C 20G 1 0B-20W C/WI 

W14 

Industrial 





PLD C 20G10B-20JC/JI 

J64 






PLD C 20G10B-20HC 

H64 






CG7C323B-A20JC/JI[15] 

J64 






CG7C323B-A20HC 

H64 


20 

15 

15 

100 

PLD C 20G 1 0B-20DMB 

D14 

Military 





PLD C 20G10B-20WMB 

W14 






PLD C 20G10B-20LMB 

L64 


25 

15 

15 

55 

PLD C 20G10-25PC/PI 

P13 

Commercial/ 





PLD C 20G 1 0-25 W C/WI 

W14 

Industrial 





PLD C 20G 10-25 JC/JI 

J64 






PLD C 20G10-25HC 

H64 






CG7C323-A25JC/J1H5] 

J64 






CG7C323-A25HC 

H64 


25 

18 

15 

100 

PLD C 20G10B-25DMB 

D14 

Military 





PLD C 20G10B-25WMB 

W14 






PLD C 20G10B-25LMB 

L64 


30 

20 

20 

80 

PLD C 20G10-30DMB 

D14 

Military 





PLD C 20G10-30WMB 

W14 






PLD C 20G10-30LMB 

L64 


35 

30 

25 

55 

PLD C 20G10-35PC/PI 

P13 

Commercial/ 





PLD C 20G10-35WC/WI 

W14 

Industrial 





PLD C 20G10-35JC/JI 

J64 






PLD C 20G10-35HC 

H64 






CG7C323-A35JC/JIU5] 

J64 






CG7C323-A35HC 

H64 


40 

35 

25 

80 

PLD C 20G10-40DMB 

D14 

Military 





PLD C 20G10-40WMB 

W14 






PLD C 20G10-40LMB 

L64 



Note: 

15. The CG7C323 is the PLDC20G10 packaged in the JEDEC compatible 28 pin PLCC pinout. Pin function and 
pin order is identical for both PLCC pinouts. The principle difference is in the location of the “no connect” or 
NC pins. 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 


Parameters 

Subgroups 

VoH 

1,2,3 

VOL 

1,2,3 

Vih 

1,2,3 

VlL 

1,2,3 

Iix 

1,2,3 

Vpp 

1,2,3 

icc 

1,2,3 

Ioz 

1,2,3 


Switching Characteristics 


Parameters 

Subgroups 

tPD 

7,8,9,10,11 

tpzx 

7,8,9,10,11 

tco 

7,8,9,10,11 

ts 

7,8,9,10,11 

tH 

7,8,9,10,11 


Document #: 38-00019-D 


4-51 





PRELIMINAR Y PLD C 20RA10 



CYPRESS 
SEMICONDUCTOR 


Reprogrammable 
Asynchronous CMOS 
Logic Device 


Features 

• Advanced user programmable 
macro cell 

• CMOS EPROM technology for 
reprogrammability 

• Up to 20 input terms 

• 10 programmable I/O macro 
cells 

• Output macro cell programmable 
as combinatorial or 
asynchronous D-type registered 
output 

• Product term control of register 
clock, reset and set and output 
enable 

• Register preload and power-up 
reset 

• Four uncommitted product terms 
per output macro cell 


Fast 

— Commercial 
tpD = 20 ns 
tco = 20 ns 
tsu = 10 ns 

— Military 
tpD — 25 ns 
tco = 25 ns 
tsu — 15 ns 

Low power 

— Ice max = 80 mA 
Commercial 

— Ice max = 100 mA 
Military 

High reliability 

— Proven EPROM technology 

— > 2001V input protection 

— 100% programming and 
functional testing 

Windowed DIP, windowed LCC, 

DIP, LCC, PLCC available 


Functional Description 

The Cypress PLD C 20RA10 is a high 
performance, second generation pro- 
grammable logic device employing a 
flexible macro cell structure which al- 
lows any individual output to be con- 
figured independently as a combinato- 
rial output or as a fully asynchronous 
D-type registered output. 

The Cypress PLD C 20RA10 provides 
lower power operation with superior 
speed performance than functionally 
equivalent bipolar devices through the 
use of high performance 0.8 micron 
CMOS manufacturing technology. 

The PLD C 20RA10 is packaged in a 
24 pin 300 mil molded DIP, a 300 mil 
windowed cerdip, and a 28 lead square 
leadless chip carrier and provides up to 
20 inputs and 10 outputs. When the 
windowed device is exposed UV light, 
the 20RA10 is erased and then can be 
reprogrammed. 


Block Diagram and DIP Pinout 


V ss 19 18 17 16 15 14 13 12 II 10 PL 



0118-1 
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Macro Cell Architecture 

Figure 1 illustrates the architecture of the 20RA10 macro 
cell. The cell dedicates three product terms for fully asyn- 
chronous control of the register set, reset and clock func- 
tions, as well as, one term for control of the output enable 
function. 

The output enable product term output is “AND’ed” with 
the input from pin 13 to allow either product term or hard 
wired external control of the output or a combination of 
control from both sources. If product term only control is 
selected, it is automatically chosen for all outputs since, for 
this case, the external output enable pin must be tied LOW. 
The active polarity of each output may be programmed 
independently for each output cell and is subsequently 
fixed. Figure 2 illustrates the output enable options avail- 
able. 

When an I/O cell is configured as an output, combinatorial 
only capability may be selected by forcing the set and reset 
product term outputs to be HIGH under all input condi- 
tions. This is achieved by programming all input term pro- 
gramming cells for these two product terms. Figure 3 illus- 
trates the available output configuration options. 

An additional four uncommitted product terms are provid- 
ed in each output macro cell as resources for creation of 
user defined logic functions. 

Programmable I/O 

Because any of the 10 I/O pins may be selected as a input, 
the device input configuration programmed by the user 
may vary from a total of nine programmable plus ten dedi- 
cated inputs (a total of nineteen inputs) and one output 
down to a ten input, ten output configuration with all ten 
programmable I/O cells configured as outputs. Each input 
pin available in a given configuration is available as an 
input to the four control product terms and four uncom- 


mitted product terms of each programmable I/O macro 
cell that has been configured as an output. 

An I/O cell is programmed as an input by tying the output 
enable pin, pin 1 3, HIGH or by programming the output 
enable product term to provide a LOW, thereby disabling 
the output buffer, for all possible input combinations. 

When utilizing the I/O macro cell as an output, the input 
path functions as a feedback path allowing the output sig- 
nal to be fed back as an input to the product term array. 
When the output cell is configured as a registered output, 
this feed back path may be used to feed back the current 
output state to the device inputs to provide current state 
control of the next output state as required for state ma- 
chine implementation. 

Preload and Power-up Reset 

Functional testability of programmed devices is enhanced 
by inclusion of register preload capability which allows the 
state of each register to be set by loading each register from 
an external source prior to exercising the device. Testing of 
complex state machine designs is simplified by the ability 
to load an arbitrary state without cycling through long test 
vector sequences to reach the desired state. Recovery from 
illegal states can be verified by loading illegal states and 
observing recovery. Preload of a particular register is ac- 
complished by impressing the desired state on the register 
output pin and lowering the signal level on the preload 
control pin (pin 1) to a logic LOW level. If the specified 
preload set up, hold and pulse width minimums have been 
observed, the desired state is loaded into the register. To 
insure predictable system initialization, all registers are 
preset to a logic LOW state upon power up, thereby setting 
the active LOW outputs to a logic HIGH. 


-D 

-D 

-D 


-D 



Figure 1. PLD C 20RA10 Macro Cell 


4-53 




CYPRESS 

SEMICONDUCTOR 


PRELIMINAR Y PLD C 20RA10 


Output Always Enabled 


Programmable 


Hard-Wired 



Combination of 

Programmable and Hard-Wired 


Figure 2. Four Possible Output Enable Alternatives for the PLD C 20RA10 


Registered/Active LOW 


Combinatorial/ Active LOW 




Registered/Active HIGH 


Combinatorial/Active HIGH 




Figure 3. Four Possible Macro Cell Configurations for the PLD C 20RA10 
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Selection Guide 


Generic 

Part Number 

tpD ns 

tsu ns 

tco ns 

IccmA 

Com 

Mil 

Com 

Mil 

Com 

Mil 

Com 

Mil 

20RA10-20 

20 

— 

10 

— 

20 

— 

80 

— 

20RA 10-25 

— 

25 

— 

15 

— 

25 

— 

100 

20RA 10-30 

30 

— 

15 

— 

30 

— 

80 

— 

20RA 10-35 

— 

35 

— 

20 

— 

35 

— 

100 


Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, 

Storage Temperature — 65°C to + 1 50°C 

Ambient Temperature with 

Power Applied — 55°C to + 125°C 

Supply Voltage to Ground Potential 

(Pin 24 to Pin 12) -0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State —0.5V to + 7.0V 

DC Input Voltage —3.0V to + 7.0V 

Output Current into Outputs (LOW) 16 mA 


Electrical Characteristics Over Operating Rangel 6 ! 


Parameters 

Description 

Test Conditions 

Min. 

Max. 

Units 

Voh 

Output HIGH Voltage 

Vcc = Min., 

Vin = Vmor Vil 

lOH = “3.2 mA 

COM’L 

D 

■ 

D 

lOH = “2 mA 

MIL 

Vol 

Output LOW Voltage 

Vcc = Min., 

Vin = VlH or VlL 

Iql = 8 mA 



0.5 

D 

VlH 

Input HIGH Level 

Guaranteed Input Logical HIGH Voltage for All Inputs!’! 

2.0 


mm 

VlL 

Input LOW Level 

Guaranteed Input Logical LOW Voltage for All Inputs! 1 ! 


0.8 

V 

Iix 

Input Leakage Current 

Vss ^ Vin ^ Vcc. Vcc = Max. 

-10 

10 

fiA 

Ioz 

Output Leakage Current 

Vcc = Max., Vgs ^ VouT ^ Vcc 

-40 

40 

juA 

isc 

Output Short Circuit Current 

Vcc = Max., Vout = 0.5V[2] 

-30 

-90 

mA 

Icc 

Power Supply Current 

Vcc = Max., Vin = GND Outputs Open 

COM’L 


80 

mA 

MIL 


100 

mA 


Capacitance ^ 


Parameters 

Description 

Test Conditions 

Min. 

Max. 

Units 

Qn 

Input Capacitance 

VlN = 2.0V @ f = 1 MHz 


5 

PF 

CqUT 

Output Capacitance 

Vout = 2.0V @ f = 1 MHz 


8 


Notes: 

1. These are absolute values with respect to device ground and all over- 
shoots due to system or tester noise are included. 

2. Not more than one output should be tested at a time. Duration of the 
short circuit should not be more than one second. Vout = 0.5V has 
been chosen to avoid test problems caused by tester ground degrada- 
tion. 

3. Tested initially and after any design or process changes that may 
affect these parameters. 


4. Figure 4a test load used for all parameters except tEA. tgR, tpzx and 
tpxz- Figure 4b test load used for tEA. tER» tpzx and tpxz- 

5. Ta is the "instant on” case temperature. 

6. See the last page of this specification for Group A subgroup testing 
information. 

7. The parameters tpR and tpxz are measured as the delay from the 
input disable logic threshold transition to Voh ~ 0.5V for an enabled 
HIGH output or Vol + 0.5V for an enabled LOW output. Please see 
Table 1 for waveforms and measurement reference levels. 


not tested.) 

Static Discharge Voltage > 2001V 

(per MIL-STD-883 Method 3015) 

Latchup Current > 200 mA 

DC Programming Voltage 13.0V 

Operating Range 


Latchup Current > 200 mA 

DC Programming Voltage 13.0V 

Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 75°C 

5V ± 10% 

Military !5] 

— 55°C to +125°C 

5V ± 10% 
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Switching Characteristics PLD C 20RA10 Over Operating Ranged 6 > 


Commercial 


Parameters 

Description 

tPD 

Input or Feedback to 
Non-Registered Output 

tEA 

Input to Output Enable 

tER 

Input to Output Disable 

tpzx 

Pin 13 to Output Enable 

tpxz 

Pin 13 to Output Disable 

tco 

Clock to Output 

tsu 

Input or Feedback Setup Time 

tH 

Hold Time 

tp 

Clock Period 

tWH 

Clock Width HIGH 

tWL 

Clock Width LOW 

(max 

Maximum Frequency 

ts 

Input to Asynchronous Set 

tR 

Input to Asynchronous Reset 

tAR 

Asynchronous Set/Reset 
Recovery Time 

twP 

Preload Pulse Width 

tsup 

Preload Setup Time 

tHP 

Preload Hold Time 


Military 



AC Test Loads and Waveforms (Commercial) 


R1, 4570. 
(470 0 mil) 


R1. 4570 
(470 0 mil) 


Including Jig 
and Scope 


• OUTPUT ( 

L R2 

:50pF ^ 2700 

f (3190 mil) 


L R2 

5 pF > 2700 

< (3190 mil) 


Figure 4a Fij 

Equivalent to: THEVENIN EQUIVALENT (Commercial) 

170.0. 


r . 

Figure 4b 


OUTPUT < 

LCC Pinout 


>1.86V = V thc 


£ 5 ns 

Figure 5 


Equivalent to: THEVENIN EQUIVALENT (Military) 

1900. 

OUTPUT O WV O 2.02V = V thm 


I 4 3 2 1 1 j 28 27 26 A 
I p 5 *-* 25% NC 

I p 6 24Cl/0 2 

I 37 23CI/0 3 

1^8 PLDC20RA1 0 22CI/0 4 

139 21 C l/0 5 

1310 20 Cl/ 0 6 

NC Si 1 1 9 C 1/ 0 7 

k 1213 141516 1718 ) 

<n |q o o°z 


STD PLCC and HLCC 
Pinout 

1 . Hod" 
la. > V. V. 


JEDEC PLCC and HLCC 
Pinout t 8 ] 


/ 4 3 2 : 

1 |28 27 26 . 


ft 

3 2 ; 1 ; 28 27 26 

5 

25 

□ l/0 2 1C 

5 

25 

6 

24 

□ l/Oj 1C 

6 

24 

7 

23 

3 I/O,, 1C 

7 

23 

8 PLDC20RA10 22 

3 l/o 5 NC c 

8 

CG7C324 — A 2 2 

9 

21 

31/0,5 1C 

9 

21 

10 

20 

3l/0 7 1 c 

10 

20 

11 

19 

3 NC 1C 

11 

19 

I 12131415161718 


12131415161718 | 


Note: 

8. The CG7C324 is the PLDC20RA10 packaged in the JEDEC compat- 
ible 28-pin PLCC pinout. Pin function and pin order is identical for 


both PLCC pinouts. The principle difference is in the location of the “no 
connect” or NC pins. 
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Parameter 

v x 

tpxz(-) 

1.5V 

tpxz( + ) 

2.6V 

tpzx( + ) 

Vthc 

tpzx(-) 

Vthc 

tER(-) 

1.5V 

tER( + ) 

2.6V 

tEA( + ) 

Vthc 

tEA(-) 

Vthc 


Output Waveform — Measurement Level 






0118-25 




UL 0118-26 




Preload Switching Waveforms 


PIN_1 

PRELOAD CLOCK (PL) 
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Functional Logic Diagram PLD C 20RA10 
1 — 1 >° 
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Ordering Information 


Icc 

(mA) 

tpD 

(ns) 

tsu 

(ns) 

tco 

(ns) 

Ordering Code 

Package 

Operating Range 

80 

20 

10 

20 

PLD C 20RA10-20PC 

P13 

Commercial 





PLD C 20RA10-20WC 

W14 






PLD C 20RA10-20JC 

J64 






PLD C 20RA10-20HC 

H64 






CG7C324-A20JC 

J64 






CG7C324-A20HC 

H64 


100 

25 

15 

25 

PLD C 20RA10-25DMB 

D14 

Military 





PLD C20RA1 0-25 WMB 

W14 






PLD C 20RA10-25HMB 

H64 






PLD C 20RA10-25LMB 

L64 






PLD C 20RA10-25QMB 

Q64 


80 

30 

15 

30 

PLD C 20RA10-30PC 

P13 

Commercial 





PLD C 20RA10-30WC 

W14 






PLD C 20RA10-30JC 

J64 






PLD C 20RA10-30HC 

H64 






CG7C324-A30JC 

J64 






CG7C324-A30HC 

H64 


100 

35 

20 

35 

PLD C 20RA10-35DMB 

D14 

Military 





PLD C 20RA10-35WMB 

W14 






PLD C 20RA10-35HMB 

H64 






PLD C 20RA10-35LMB 

L64 






PLD C 20RA10-35QMB 

Q64 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 

Subgroups 

VOH 

1,2,3 

VOL 

1,2,3 

VlH 

1,2,3 

VlL 

1,2,3 

Iix 

1,2,3 

loz 

1,2,3 

Icc 

1,2,3 


Switching Characteristics 


Parameters 

Subgroups 

tpD 

7,8,9,10,11 

tpzx 

7,8,9,10,11 

tco 

7,8,9,10,11 

tsu 

7,8,9,10,11 

tH 

7,8,9,10,11 


Document #: 38-00073-B 






Features 

• Advanced second generation 
PAL architecture 

• Low power 

— 55 mA max “L” 

— 90 mA max standard 

— 120 mA max military 

• CMOS EPROM technology for 
reprogrammability 

• Variable product terms 

— 2 X (8 thru 16) product 
terms 

• User programmable macro cell 
— Output polarity control 

— Individually selectable for 
registered or combinatorial 
operation 

— “15” commercial & industrial 
10 ns tco 

10 ns ts 
15 ns tpj) 

50 MHz 


— “20” military 
15 ns tco 

17 ns ts 
20 ns tpD 
31 MHz 

• Up to 22 input terms and 10 
outputs 

• Enhanced test features 
— Phantom array 

— Top Test 
— Bottom Test 
— Preload 

• High reliability 

— Proven EPROM technology 

— > 2000V input protection 

— 100% programming and 
functional testing 

• Windowed DIP, windowed LCC, 
DIP, LCC, PLCC available 


Functional Description 

The Cypress PAL C 22V 10 is a CMOS 
second generation Programmable Log- 
ic Array device. It is implemented with 
the familiar sum-of-products (AND- 
OR) logic structure and a new concept, 
the “Programmable Macro Cell”. 

The PAL C 22V 10 is executed in a 24 
pin 300 mil molded DIP, a 300 mil 
windowed Cerdip, a 28 lead square ce- 
ramic leadless chip carrier, a 28 lead 
square plastic leaded chip carrier and 
provides up to 22 inputs and 10 out- 
puts. When the windowed CERDIP is 
exposed to UV light, the 22V 10 is 
erased and then can be reprogrammed. 
The Programmable Macro Cell pro- 
vides the capability of defining the ar- 
chitecture of each output individually. 
Each of the 10 potential outputs may 
be specified to be “REGISTERED” or 
“COMBINATORIAL”. Polarity of 


PAL® is a registered trademark of Monolithic Memories Inc. 
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Functional Description (Continued) 

each output may also be individually selected allowing 
complete flexibility of output configuration. Further con- 
figurability is provided through “ARRAY” configurable 
“OUTPUT ENABLE” for each potential output. This fea- 
ture allows the 10 outputs to be reconfigured as inputs on 
an individual basis or alternately used as a combination 
I/O controlled by the programmable array. 

The PAL C 22V10 features a “VARIABLE PRODUCT 
TERM” architecture. There are 5 pairs of product terms 
beginning at 8 product terms per output and incrementing 
by 2 to 16 product terms per output. By providing this 
variable structure the PAL C 22V 10 is optimized to the 
configurations found in a majority of applications without 
creating devices that burden the product term structures 
with unuseable product terms and lower performance. 

Additional features of the Cypress PAL C 22V 10 include a 
synchronous PRESET and an asynchronous RESET prod- 
uct term. These product terms are common to all MACRO 
CELLS eliminating the need to dedicate standard product 
terms for initialization functions. The device automatically 
resets on power-up. 

The PAL C 22V 10 featuring programmable macro cells 
and variable product terms provides a device with the flexi- 
bility to implement logic functions in the 500 to 800 gate 
array complexity. Since each of the 10 output pins may be 
individually configured as inputs on a temporary or perma- 
nent basis, functions requiring up to 2 1 inputs and only a 
single output down to 12 inputs and 10 outputs are possi- 
ble. The 10 potential outputs are enabled through the use 
of product terms. Any output pin may be permanently se- 
lected as an output or arbitrarily enabled as an output and 
an input through the selective use of individual product 
terms associated with each output. Each of these outputs is 
achieved through an individual programmable macro cell. 
These macro cells are programmable to provide a combina- 
torial or registered inverting or non-inverting output. In a 

Macrocell 


registered mode of operation, the output of the register is 
fed back into the array providing current status informa- 
tion to the array. This information is available for estab- 
lishing the next result in applications such as control-state- 
machines. In a combinatorial configuration, the combina- 
torial output or, if the output is disabled, the signal present 
on the I/O pin is made available to the array. The flexibili- 
ty provided by both programmable macro cell product 
term control of the outputs and variable product terms 
allows a significant gain in functional density through the 
use of programmable logic. 

Along with this increase in functional density, the Cypress 
PAL C 22V 10 provides lower power operation thru the use 
of CMOS technology, increased testability with a register 
preload feature and guaranteed AC performance through 
the use of a phantom array. This phantom array (P0-P3) 
and the “TOP TEST” and “BOTTOM TEST” features al- 
low the 22V 10 to be programmed with a test pattern and 
tested prior to shipment for full AC specifications without 
using any of the functionality of the device specified for the 
product application. In addition, this same phantom array 
may be used to test the PAL C 22V 10 at incoming inspec- 
tion before committing the device to a specific function 
through programming. PRELOAD facilitates testing pro- 
grammed devices by loading initial values into the regis- 
ters. 


Configuration Table 1 


Registered/Combinatorial 

Cl 

Co 

Configuration 

0 

0 

Registered/ Active Low 

0 

1 

Registered/ Active High 

1 

0 

Combinatorial/ Active Low 

1 

1 

Combinatorial/Active High 
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Selection Guide 


Generic 

Icci mA 

tpD ns 

ts ns 

tco ns 

Part Number 

EB 

Com/Ind 

Mil 

Com/Ind 

Mil 

Com/Ind 

Mil 

Com/Ind 

Mil 

22V10B-15 


90 

— 

15 

— 

10 

— 

10 

— 

22 V 1 0B-20 

— 

— 

120 

— 

20 

— 

17 

— 

15 

22 V 10-20 


90 

— 

20 

— 

12 

— 

12 

— 

22V10-25 

55 

90 

100 

25 

25 

15 

18 

15 

15 

22V10-30 


— 

100 

— 

30 

— 

20 

— 

20 

22V10-35 

55 

90 

— 

35 

— 

30 

— 

25 

— 

22 V 10-40 


— 

100 

— 

40 

— 

30 

— 

25 


Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 

Storage Temperature — 65°C to + 150°C DC Programming Voltage 

Ambient Temperature with 


Power Applied — 55°C to + 125°C 

Supply Voltage to Ground Potential 

(Pin 24 to Pin 12) -0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State —0.5V to + 7.0V 

DC Input Voltage -3.0V to + 7.0V 

Output Current into Outputs (Low) 16 mA 

UV Exposure 7258 Wsec/cm 2 


PAL C 22V 1 0B 13.0V 

PAL C 22V10 14.0V 

Static Discharge Voltage > 2001V 

(per MIL-STD-883 Method 3015) 

Latchup Current > 200 mA 

Operating Range 


Latchup Current > 200 mA 

Operating Range 


Range 

Ambient 

Temperature 

v C c 

Commercial 

0°C to +75°C 

5V ± 10% 

Military I 6 ) 

— 55°C to + 125°C 

5V ± 10% 

Industrial 

— 40°C to +85°C 

5V ± 10% 


Electrical Characteristics Over Operating Range W 


Parameters 

Description 

Test Conditions 

Min. 



VoHl 

Output HIGH Voltage 

Vcc = Min., 

Vin = V IH or Vil 

Ioh = — 3.2 mA 

COM’L/IND 

2.4 


V 

Ioh = - 2 mA 

MIL 

VOH2 

HIGH Level CMOS 

Output Voltaget 3 ! 

Vcc = Min., 

Vin = ViHor Vil 

Ioh = - loo ju,A 


Vcc -1.0V 


V 

VOL 

Output LOW Voltage 

Vcc = Min., 

Vin = ViHor Vil 

Iol = 16 mA 

COM’L/IND 


0.5 

D 

Iql = 12 mA 

MIL 

VlH 

Input HIGH Level 

Guaranteed Input Logical HIGH Voltage for All Inputs! *1 

2.0 


V 

VlL 

Input LOW Level 

Guaranteed Input Logical LOW Voltage for All Inputs! 1 ] 


HQ 

fl 

Iix 

Input Leakage Current 

Vss ^ Vin ^ Vcc, Vcc = Max. 

-10 

10 

ju,A 

loz 

Output Leakage Current 

Vcc = Max., Vss ^ Vout ^ Vcc 

-40 

40 

ju,A 

isc 

Output Short Circuit Current 

v C c = Max., Vqut = 0.5V&] 

-30 

-90 

mA 

Icci 

Standby Power 

Supply Current 

Vcc = Max., Vin = GND Outputs Open 
in Programmed Device 

“L” 


55 

mA 

COM’L/IND 


90 

mA 

MIL 



mA 

MIL-20 


120 

mA 


Votes: 

1. These are absolute values with respect to device ground and all over- 
shoots due to system or tester noise are included. 

1. Not more than one output should be tested at a time. Duration of the 
short circuit should not be more than one second. Vout = 0.5V has 
been chosen to avoid test problems caused by tester ground degrada- 
tion. 

5. Tested initially and after any design or process changes that may 
affect these parameters. 


4. Figure la test load used for all parameters except t£A> tER. tpzx and 
tpxz- Figure lb test load used for tEA, tER, tpzx and tpxz- 

5. See the last page of this specification for Group A subgroup testing 
information. 

6. Ta is the “instant on” case temperature. 
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Capacitance ^ 


Parameters 

Description 

Test Conditions 

ClN 

Input Capacitance 

Vin = 2.0V @ f = 1 MHz 

CoUT 

Output Capacitance 

VoUT = 2.0V @ f = 1 MHz 



Max. 

Units 

5 

pF 

8 

pF 




Switching Characteristics PAL C 22V10t 4 > 5 ] 


Commercial & Industrial 


Parameters 

Description 

tPD 

Input to Output 
Propagation Delay!® 

tEA 

Input to Output 

Enable Delay 

tER 

Input to Output 

Disable Delay® 

tco 

Clock to Output 

Delay U 41 

ts 

Input or Feedback 

Setup Time 

tH 

Input Hold Time 

tp 

External Clock 

Period (tco + ts) 

tWH 

Clock Width HIGH [3! 

tWL 

Clock Width LOW® 

fMAXl 

External Maximum 
Frequency 
(l/(tco + t s ))® 

fMAX2 

Data Path 

Maximum Frequency 
(l/(t\VH + tWL))! 3 ’ '°! 

fMAX3 

Internal Feedback 
Maximum Frequency 
(l/(tcF + ts))! 11 ! 

tCF 

Register Clock to 
Feedback Input !® 

tAW 

Asynchronous Reset 
Width 

tAR 

Asynchronous Reset 
Recovery Time 

tAP 

Asynchronous Reset to 
Registered Output Delay 

tSPR 

Synchronous Preset 
Recovery Time 

tpR 

Power Up 

Reset Time! 15 ! 


Military 


B-15 -20 -25 -35 B-20 -25 


-30 -40 Units 


■□■□Hill 


■□■□■ 

■□■□■ 

■□■□■ 


25 


25 


20 


20 30 


40 ns 


40 ns 


40 ns 


25 ns 


32 33 


50.0 41.6 33.3 18.1 31.2 30.3 25.0 18.1 MHz 



1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
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<otcs: 

7. This parameter is sample tested periodically with the device clocked 
at fMAX external (fMAXl) with all registers cycling on each cycle and 
outputs disabled (in high Z state). 

8. This parameter is measured as the time after output disable input 
that the previous output data state remains stable on the output. This 
delay is measured to the point at which a previous high level has 
fallen to 0.5 volts below Voh Min. or a previous low level has risen 
to 0.5 volts above Vol Max. Please see Figure 4 for enable and 
disable test waveforms and measurement reference levels. 

9. This specification indicates the guaranteed maximum frequency at 
which a state machine configuration with external feed back can 
operate. 

0. This specification indicates the guaranteed maximum frequency at 
which an individual output register can be cycled. 

1. This specification indicates the guaranteed maximum frequency at 
which a state machine configuration with internal only feed back can 
operate. This parameter is tested periodically by sampling produc- 
tion product. 

2. This parameter is calculated from the clock period at fMAX internal 
(l/fMAX3) as measured (see note 1 1 above) minus ts- 

3. This specification is guaranteed for all device outputs changing state 
in a given access cycle. See Figure 3 for the minimum guaranteed 
negative correction which may be subtracted from tpo for cases in 
which fewer outputs are changing state per access cycle. 

\C Test Loads and Waveforms (Commercial) 


5V 

OUTPUT O 
R2 

170X1 

(23612. MIL) 



5 pF 


INCLUDING __ 
JIG AND - 
SCOPE 



Figure la 


Figure lb 


iquivalent to: 


THEVENIN EQUIVALENT (Commercial) 
9912. 

OUTPUT O — AAA O 2.08V = V thc 


14. This specification is guaranteed for all device outputs changing state 
in a given access cycle. See Figure 3 for the minimum guaranteed 
negative correction which may be subtracted from tco for cases in 
which fewer outputs are changing state per access cycle. 

15. The registers in the PAL C 22V10 have been designed with the 
capability to reset during system power-up. Following power-up, all 
registers will be reset to a logic LOW state. The output state will 
depend on the polarity of the output buffer. This feature is useful in 
establishing state machine initialization. To insure proper operation, 
the rise in Vcc must be monotonic and the timing constraints depict- 
ed in Figure 5 must be satisfied. 

16. The clock signal input must be in a valid LOW state (Vjn less than 
0.8V) or a valid HIGH state (Vjn greater than 2.4V) prior to occur- 
rence of the 10% level on the monotonically rising power supply 
voltage as shown in Figure 5. In addition, the clock input signal must 
remain stable in that valid state as indicated until the 90% level on 
the power supply voltage has been reached. The clock signal may 
transition LOW to HIGH to clock in new data or to execute a syn- 
chronous preset after the indicated delay (tpR + ts) has been ob- 
served. 


INPUT PULSES 


90% 

10 % 


S 5 ns 

Figure 2 


Equivalent to: THEVENIN EQUIVALENT (Military) 


OUTPUT O- 


136X1 

-WV— O 2.1 3V = V thm 


Minimum Negative Correction to tpo and tco 
vs. Number of Outputs Switching 


3E 



1 23456789 10 


NUMBER OF DEVICE OUTPUTS 
CHANGING STATE PER ACCESS CYCLE 


Figure 3 
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Output Waveform — Measurement Level 



Figure 4. Test Waveforms 


Switching Waveform 


INPUTS I/O, 
REGISTERED 
FEEDBACK 
SYNCHRONOUS 
PRESET 


ASYNCHRONOUS 

RESET 



ICOD t 


REGISTERED 

OUTPUTS: 


COMBINATORIAL 

OUTPUTS: 



Power-Up Reset Waveform l 6 ] 


POWER 
SUPPLY VOLTAGE 

REGISTERED 
ACTIVE LOW 
OUTPUTS 



t pR MAX = 1 
Figure 5 
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Typical DC and AC Characteristics 


NORMALIZED STANDBY NORMALIZED STANDBY NORMALIZED 

SUPPLY CURRENT (I C ci) SUPPLY CURRENT (I C ci) PROPAGATION DELAY 

vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 



SUPPLY VOLTAGE (V) 


AMBIENT TEMPERATURE ("Cl 


SUPPLY VOLTAGE (V) 


NORMALIZED PROPAGATION DELAY DELTA PROPAGATION TIME 

vs. TEMPERATURE vs. OUTPUT LOADING 



AMBIENT TEMPERATURE (“Cl CAPACITANCE (pF) 


NORMALIZED SETUP TIME NORMALIZED CLOCK TO OUTPUT 

vs. TEMPERATURE TIME vs. SUPPLY VOLTAGE 



NORMALIZED SETUP TIME 
vs. SUPPLY VOLTAGE 



SUPPLY VOLTAGE (V) 

NORMALIZED CLOCK 
TO OUTPUT 

TIME vs. TEMPERATURE 



AMBIENT TEMPERATURE ("Cl 


SUPPLY VOLTAGE (V) 


AMBIENT TEMPERATURE ("Cl 


DELTA CLOCK TO OUTPUT TIME OUTPUT SINK CURRENT OUTPUT SOURCE CURRENT 

vs. OUTPUT LOADING vs. OUTPUT VOLTAGE vs. VOLTAGE 



CAPACITANCE (pFI 


OUTPUT VOLTAGE (VI 


OUTPUT VOLTAGE (V) 

0023-15 
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Erasure Characteristics 

Wavelengths of light less than 4000 Angstroms begin to 
;rase the PAL C 22V10. For this reason, an opaque label 
should be placed over the window if the device is exposed 
to sunlight or fluorescent lighting for extended periods of 
time. In addition, high ambient light levels can create hole- 
dectron pairs which may cause “blank” check failures or 
‘verify errors” when programming “windowed” parts. 

This phenomenon can be avoided by use of an opaque label 
aver the window during programming in high ambient 
light environments. 

The recommended dose for erasure is ultraviolet light with 
i wavelength of 2537 Angstroms for a minimum dose (UV 
intensity X exposure time) of 25 Wsec/cm 2 . For an ultra- 
violet lamp with a 12 mW/cm 2 power rating, the exposure 
would be approximately 35 minutes. The PAL C 22V 10 
needs to be placed within 1 inch of the lamp during era- 
sure. Permanent damage may result if the device is exposed 
to high intensity UV light for an extended period of time. 
7258 Wsec/cm 2 is the recommended maximum dosage. 

Device Programming 

The PAL C 22V 10 has multiple programmable functions. 
In addition to the normal array, a “PHANTOM” array, 
“TOP and BOTTOM TEST” and a “SECURITY” feature 
ire programmable. The PAL C 22V 10 security mecha- 
nism, when invoked, prevents access to the “NORMAL” 
ind “TOP/BOTTOM TEST” array. The “PHANTOM” 
irray feature is still accessible, allowing programming and 
verification of the pattern in the “PHANTOM” array. 
Functional operation of all other features is allowed re- 
gardless of the state of the “SECURITY BIT”. In addition, 
the device contains 10 MACROCELLS which are pro- 
grammed to configure the device functionality for each 
specific application. 

The logic array is divided into a “NORMAL” array and a 
“PHANTOM” array. The normal array is used to config- 
ure the device to perform a specific function as required by 
the user, and the phantom array is provided as a test array 
for Cypress’ testing the device prior to user programming 
thus assuring a reliable, thoroughly tested product. The 
“PHANTOM” array contains four additional columns 
connected to input pins 2 (TRUE), 7 (INVERTING), 10 
(TRUE) and 1 1 (TRUE). These inputs may be pro- 
grammed to be connected to all normal product terms. 

This allows all sense amplifiers and macrocells to be exer- 
:ised for both functionality and performance after assem- 
bly and prior to shipment. These features are in addition to 
the normal array. They do not affect normal operation, 
allowing the user full programming of the normal array, 
while allowing the device to be fully tested. 

The “TOP TEST” and “BOTTOM TEST” feature, allow 
lonnection of all input terms to either pin 23 or 13. These 
locations may be programmed and subsequently exercised 
in the “TOP TEST” and “BOTTOM TEST” mode. Like 
the Phantom array above, this feature has no effect in the 


normal mode of operation. Cells in the PHANTOM AR- 
RAY, TOP TEST, and BOTTOM TEST areas are pro- 
grammed at Cypress during the manufacturing operation, 
and they therefore will be programmed when received in a 
non-windowed package by the user. Consequently, the user 
will normally have no need to program these cells. 

The Cypress PAL C 22V 10 contains 10 identical MACRO- 
CELLS which may be individually configured. Each 
MACROCELL is associated with a single I/O pin and 
through the architecture bits, each associated pin may be 
permanently configured as an input, an output or be used 
as both input and output as a function of the logical func- 
tion in the array. Each MACROCELL consists of a type 
"D” latch, an output multiplexer, a feedback multiplexer 
and a tristatable output driver that is controlled by a 
unique product term. The clock is common to all MAC- 
ROCELLS, and comes from pin 1 of the device. Each reg- 
ister also has an asynchronous reset and a synchronous 
preset. These are each driven by product terms. These 
product terms are common to all MACROCELLS allow- 
ing all registers to either be asynchronously reset or syn- 
chronously preset by a logical function in the array. The 
device is automatically reset at power up. A preload feature 
allows the registers to be preloaded with any state for test- 
ing. 

The architecture bits CO and Cl are used to configure each 
MACROCELL individually. CO selects the polarity of the 
output and Cl selects the combinatorial or registered mode 
of operation. If the registered mode of operation is selected, 
the feedback path is automatically selected to be from the 
register. In the combinatorial mode the feedback path is 
automatically selected to be from the I/O pin. In this com- 
binatorial mode, the output from the array may be fed into 
the array or if the output is deselected using the output 
enable product term the pin may be used as an external 
input. There is not a mode where the I/O pin may be used 
as a combinatorial output or an input pin, while the regis- 
ter is used as a state register. The architecture bits are 
programmed as a separate item during normal program- 
ming. An I/O pin is configured to be an input by program- 
ming the MACROCELL into a combinatorial mode and 
disabling the ouput with the output enable product term. 



Pinout 

The PAL C 22V10 PROGRAMMING pinout is shown in 
Figure 6. In the Programming pinout configuration, the 
device may be programmed and verified for the NORMAL 
mode of operation and also programmed, verified and op- 
erated in PHANTOM and TEST modes. These special 
modes of operation are achieved through the use of super- 
voltages applied to certain pins. Care should be exercised 
when entering and exiting these modes, paying specific at- 
tention to both the operating modes as specified in Table 1 
and the sequencing of the supervoltages as shown in the 
timing diagrams. 
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Programming Pinout 


□ v cc 

□ DO 

□ D1 

□ D2 

□ D3 

□ D4 

□ D5 

□ D6 

□ D7 

□ D8 

□ D9 

□ PGM/VF 


Figure 6 


Vpp C 

i 

24 

AO C 

2 

23 

A1 C 

3 

22 

A2C 

4 

21 

A3 C 

5 

20 

A4C 

6 

19 

A5C 

7 

18 

A6 C 

8 

17 

A7C 

9 

16 

as n 

10 

15 

A9 C 

11 

14 

V SS C 

12 

13 
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Programming Algorithm 

With the exception of the Security bit, all arrays are pro- 
grammed in a similar manner. The data to be programmed 
is represented by a “1” or “0” on the I/O pins. A “1” 
indicates that an unprogrammed location is to be pro- 
grammed and a “0” indicates that an unprogrammed loca- 
tion is to remain unprogrammed. All locations to be pro- 
grammed are addressed as row and column locations. Ta- 
ble 1 “Operating Modes” along with Tables 2 through 5 
provide the specific address for each addressed location to 
be programmed along with mode selection information for 
both programming and operation in the “PHANTOM” 
and “TEST” modes. 

When programming the security bit, a supervoltage on pin 
3 is used as data with a programming pulse on pin 13. 
Verification is controlled with a supervoltage on pins 4 and 
the data out on pin 3. 


Operating Modes 

Table 1 describes the operating and programming modes of 
the PAL C 22V10. The majority of the programming 
modes function with a PROGRAM, PROGRAM INHIB- 
IT and PROGRAM VERIFY sequence. The exception is 
the Security Program operation, which shows no program 
inhibit function. Two timing diagrams are provided for 
these two different methodologies of programming in Fig- 
ures 8 & 9. Tables 2 through 5 are used as indicated to 


provide the individual addresses of the various arrays and 
cells to be programmed. There are 5 operating modes in 
addition to the programming modes for the PAL C 22V 10. 
These provide NORMAL operation, PHANTOM opera- 
tion, TOP TEST, BOTTOM TEST and a register preload 
feature for testing. 

In the normal operating mode, all signals are TTL levels 
and the device functions as it is internally programmed in 
the NORMAL array. In the PHANTOM mode of opera- 
tion, the device operates logically as a function of the con- 
tents of the PHANTOM array. In this mode pins 2, 10 & 

1 1 are non-inverting inputs and pin 7 is an inverting input. 
The MACROCELLS function as they are programmed for 
normal operation. If the MACROCELLS have not yet 
been programmed, they are in a registered inverting config- 
uration. The PHANTOM mode is invoked by placing a 
supervoltage Vpp on pin 6. Care should be exercised when 
entering and leaving this mode that the supervoltage is ap- 
plied no sooner than 20 ms after the Vcc is stable, and 
removed a minimum of 20 ms before Vcc is removed. 

TOP and BOTTOM TEST 

The TOP TEST and BOTTOM TEST modes are entered 
and exited in the same manner, with the same concern for 
power sequencing, but the supervoltage is applied to pins 9 
& 10 respectively. In these modes an extra product term 
controls an output pin. TOP TEST controls pin 23, and 
BOTTOM TEST controls pin 14. These product terms are 
controlled by the normal device inputs, and allow testing of 
all input structures. 

Preload 

Finally for testing of programmed functions, a preload fea- 
ture allows any or all of the registers to be loaded with an 
initial value for testing. This is accomplished by raising pin 
8 to a supervoltage Vpp, which puts the output drivers in a 
high impedance state. The data to be loaded is then placed 
on the I/O pins of the device and is loaded into the regis- 
ters on the positive edge of the clock on pin 1. A “0” on the 
I/O pin preloads the register with a “0” and a “1” preloads 
the register with a “1”. The actual signal on the output pin 
will depend on the output polarity selected when the 
MACROCELL is programmed. The data on the I/O pins 
is then removed, and pin 8 returned to a normal TTL volt- 
age. Again care should be exercised to power sequence the 
device properly. 
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Operating Modes 


Function 


Main P l°^ 

Array Program Inhibit 

Product Program Verify^ 


Program 


Program Inhibit 


Program Verify 


Program 


Program Inhibit 
Top Test, 

Bottom Test Program Verify Vpp 
Notes 


Pin Pin Pin 
1 2 3 




mmmmm 


VlHP ViHP ViHP ViHP Vpp 





ViHP ViHP ViHP ViHP Vilp 


Data 

Data 

Data 

Vilp 

Data 

In 

In 

In 

In 

High Z 

HighZ 

HighZ 

HighZ 

HighZ 

Data 

Data 

Data 

Driven 

Data 

Out 

Out 

Out 

Out 


Architec- 
ture Bits 



Program 


Program Inhibit 


Program Verify 


Program 


IBSHHfflfflEfflnfflHfflnil 


PAL 

Mode 

Operation 



Normal 


Phantom 


Top Test 


Bottom Test 


Reg Preload 


Phantom | Program 
Array 


Program Inhibit 


Program Verify 


Phantom Program 

Output 

Enable Program Inhibit 

Product ~ ,, . f 

Program Verify 



Data In 


High Z 


Data Out 


Vilp Vilp v ilp Vilp Vilp 


Driven Outputs 


I/O 


Output 


NA 


NA 


Data In 


Data In 


High Z 


Data Out 


Data In 


EWI EMMEWBEfflEBIEll 



Notes: 

1. DATA IN and DATA OUT for programming Synchronous Set, 
Asynchronous Reset, TOP TEST and BOTTOM TEST is pro- 
grammed and verified on the following pins. 

Pin 14 = BOTTOM TEST 
Pin 17 = Synchronous Set 
Pin 20 = Asynchronous Reset 
Pin 23 = TOP TEST 


2. The preload clock on pin 1 loads the Registers on a LOW going 
HIGH transition. 

3. It is necessary to toggle OE (Pin 13) HIGH during all address tran- 
sitions while in the program verify/blank check mode. 
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Input Term Addresses 

Table 2 is used during the programming and verification of 
the main array, output enable, asynchronous reset, syn- 
chronous preset, TOP and BOTTOM TEST as shown in 
Table 1. 


It provides the addressing for the 44 normal input term 
columns which are connected with an EPROM transistor 
to the product terms. 


Input Term Addresses 


Table 2 


Input 

Pin 

Pin 

Pin 

Pin 

Pin 

Pin 

Term 

2 

3 

4 

5 

6 

7 

0 

Vilp 

Vilp 

Vilp 

; ■■ 

Vilp 


1 

VlHP 

Vilp 

Vilp 

■ 

Vilp 

■ 

2 

Vilp 

Vihp 

Vilp 

— aflaafc 

Vilp 

1 

3 

VlHP 

Vihp 

Vilp 

Vilp 

Vilp 

Vilp 

4 

Vilp 

Vilp 

Vihp 

Vilp 

Vilp 

Vilp 

5 

VlHP 

Vilp 

Vihp 

Vilp 

Vilp 

Vilp 

6 

Vilp 

Vihp 

Vihp 

Vilp 

Vilp 

Vilp 

7 

VlHP 

Vihp 

Vihp 

Vilp 

Vilp 

Vilp 

8 

Vilp 

Vilp 

Vilp 

Vihp 

Vilp 

Vilp 

9 

Vihp 

Vilp 

Vilp 

Vihp 

Vilp 

Vilp 

10 

Vilp 

Vihp 

Vilp 

Vihp 

Vilp 

Vilp 

11 

Vihp 

Vihp 

Vilp 

Vihp 

Vilp 

Vilp 

12 

Vilp 

Vilp 

Vihp 

Vihp 

Vilp 

Vilp 

13 

Vihp 

Vilp 

Vihp 

Vihp 

Vilp 

Vilp 

14 

Vilp 

Vihp 

Vihp 

Vihp 

Vilp 

Vilp 

15 

Vihp 

Vihp 

Vihp 

Vihp 

Vilp 

Vilp 

16 

Vilp 

Vilp 

Vilp 

Vilp 

Vihp 

Vilp 

17 

Vihp 

Vilp 

Vilp 

Vilp 

Vihp 

Vilp 

18 

Vilp 

Vihp 

Vilp 

Vilp 

Vihp 

Vilp 

19 

Vihp 

Vihp 

Vilp 

Vilp 

Vihp 

Vilp 

20 

Vilp 

Vilp 

Vihp 

Vilp 

Vihp 

Vilp 

21 

Vihp 

Vilp 

Vihp 

Vilp 

Vihp 

Vilp 

22 

Vilp 

Vihp 

Vihp 

Vilp 

Vihp 

Vilp 

23 

Vihp 

Vihp 

Vihp 

Vilp 

Vihp 

Vilp 

24 

Vilp 

Vilp 

Vilp 

Vihp 

Vihp 

Vilp 

25 

Vihp 

Vilp 

Vilp 

Vihp 

Vihp 

Vilp 

26 

Vilp 

Vihp 

Vilp 

Vihp 

Vihp 

Vilp 

27 

Vihp 

Vihp 

Vilp 

Vihp 

Vihp 

Vilp 

28 

Vilp 

Vilp 

Vihp 

Vihp 

Vihp 

Vilp 

29 

Vihp 

Vilp 

Vihp 

Vihp 

Vihp 

Vilp 

30 

Vilp 

Vihp 

Vihp 

Vihp 

Vihp 

Vilp 

31 

Vihp 

Vihp 

Vihp 

Vihp 

Vihp 

Vilp 

32 

Vilp 

Vilp 

Vilp 

Vilp 

Vilp 

Vihp 

33 

Vihp 

Vilp 

Vilp 

Vilp 

Vilp 

Vihp 

34 

Vilp 

Vihp 

Vilp 

Vilp 

Vilp 

Vihp 

35 

Vihp 

Vihp 

Vilp 

Vilp 

Vilp 

Vihp 

36 

Vilp 

Vilp 

Vihp 

Vilp 

Vilp 

Vihp 

37 

Vihp 

Vilp 

Vihp 

Vilp 

Vilp 

Vihp 

38 

Vilp 

Vihp 

Vihp 

Vilp 

Vilp 

Vihp 

39 

Vihp 

Vihp 

Vihp 

Vilp 

Vilp 

Vihp 

40 

Vilp 

Vilp 

Vilp 

Vihp 

Vilp 

Vihp 

41 

Vihp 

Vilp 

Vilp 

Vihp 

Vilp 

Vihp 

42 

Vilp 

Vihp 

Vilp 

Vihp 

Vilp 

Vihp 

43 

Vihp 

Vihp 

Vilp 

Vihp 

Vilp 

Vihp 
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Product Term Addresses 

Table 3 is used for the programming of the “PHANTOM” 
and normal array. It provides the addressing for the up to 
16 product terms associated with each input. Notice that 
the number of product terms varies from 8 to 16 and back 
to 8 from the top to the bottom output. In Table 3, product 
term “0” refers to the top product term associated with the 
MACROCELLS on pins 18 and 19, while address 15 refers 
to the bottom or last product term associated with the 
same pins. In the same manner, the 8 product terms associ- 
ated with pins 14 and 23 are addressed as “0” through “7”. 
The balance of the product terms associated with the re- 
maining I/O pins are addressed as “0” through “10”, “12” 
and “14”. 

Product Term Addresses 


Table 3 


Product 

Term 

Pin 

8 

Pin 

9 

Pin 

10 

Pin 

11 

0 

VlLP 

VlLP 

VlLP 

VlLP 

1 

VlHP 

VlLP 

VlLP 

VlLP 

2 

VlLP 

VlHP 

VlLP 

VlLP 

3 

VfflP 

VfflP 

VlLP 

VlLP 

4 

VlLP 

VlLP 

VlHP 

VlLP 

5 

VlHP 

VlLP 

VlHP 

VlLP 

6 

VlLP 

VlHP 

VlHP 

VlLP 

7 

VlHP 

VlHP 

VlHP 

VlLP 

8 

VlLP 

VlLP 

VlLP 

VlHP 

9 

VlHP 

VlLP 

VlLP 

VlHP 

10 

VlLP 

VlHP 

VlLP 

VlHP 

11 

VlHP 

VlHP 

VlLP 

V IHP 

12 

VlLP 

VlLP 

VlHP 

VlHP 

13 

VlHP 

VlLP 

VlHP 

VlHP 

14 

VlLP 

VlHP 

VlHP 

VlHP 

15 

VlHP 

VlHP 

VlHP 

VlHP 


Architecture Bit Addresssing 

Table 4 provides the addressing for the architecture bits 
used to control the configuration of the individual MAC- 
ROCELLS. In the unprogrammed state, the MACRO- 
CELLS are in a registered, active low or inverting configu- 
ration. They are programmed with a “1” on the pin associ- 
ated with the MACROCELL and the appropriate address 
as shown in Table 4. Each architecture bit that is not to be 
programmed, requires a “0” on the I/O pin associated with 
the MACROCELL. 

Architecture Bit Addresssing 


Table 4 


Architecture 

Bit 

Pin 

9 

Pin 

10 

Output 

Polarity 

CO 

VlLP 

VlLP 

Register/ 
Non-Register 
Output Cl 

VlHP 

VlLP 


Phantom Input Term Addressing 

Phantom input terms are addressed as columns P0 thru P3 
and represent inputs from pins 2,1, 10 and 1 1 respectively. 
Pin 7 is inverted, and the remaining 3 are normal non-in- 
verting. This PHANTOM array allows the output struc- 
tures to be tested. They are only present in PHANTOM 
modes of operation. 


Phantom Input Term Addresses 

Tables 



Pin 

4 

Pin 

5 

P0 


■/S21-4 

PI 

■ 


P2 



P3 





Programming Flow Chart 

The programming flow chart describes the sequence of op- 
erations for programming the NORMAL and PHANTOM 
arrays, the NORMAL and PHANTOM output enable 
product terms, the set and preset product terms, the Top 
Test product term, the Bottom Test product term, and the 
architecture bits. The exact sequencing and timing of the 
signals is shown in the “Array Programming Timing Dia- 
gram”. 

The logical sequence to program the device is described in 
detail in the flow chart below, and should be followed ex- 
actly for optimum intelligent programming that both mini- 
mizes programming time and realizes reliable program- 
ming. Particular attention should be paid to the application 
of Vcc prior to Vpp, and removal of Vpp prior to Vcc- See 
Figure 8 and Table 7 for specific timing and AC require- 
ments. Notice that all programming is accomplished with- 
out switching Vpp on pin 1 and that after programming 
and verifying all locations individually, the programmed 
locations should be verified one final time. 

The normal word programming cycle, programs and veri- 
fies a word at a time as shown in the programming flow- 
chart, Figure 7 and timing diagram Figure 8. After all loca- 
tions are programmed, the flowchart requires a verify of all 
words. There is no independent timing diagram for this 
operation, rather Figure 8 also provides the correct timing 
information for this operation. When performing this veri- 
fy only operation, eliminate the program portion of the 
cycle but maintain the setup and hold timing relative to the 
verify pulse. Under no circumstances should the verify sig- 
nal be held low and the addresses toggled. 

Note that the overprogram pulse in step 10 of the program- 
ming flowchart is a variable, “4” times the initial value 
when programming the NORMAL, PHANTOM, TOP 
TEST, BOTTOM TEST and OUTPUT ENABLE product 
terms and “8” times the initial value when programming 
the ARCHITECTURE BITS. 
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Timing Diagrams 

Programming timing diagrams are provided for two cases, 
programming of all cells except the SECURITY BIT and 
programming the SECURITY BIT. 

Array 

Programming the NORMAL and PHANTOM arrays and 
output enables, reset, preset, architecture bits and the top/ 
bottom test features uses the timing diagram in Figure 8. 
ADDRESS refers to all applicable information in Tables 1 
through 5 that is not specifically referenced in the timing 
diagram. DATA IN is provided on the I/O pins and 

Programming Waveforms 


PAL C 22V10B/PAL C 22V10 


DATA OUT is verified on the same pins. A “1” (Vihp) on 
an I/O pin causes the addressed location to be pro- 
grammed. A “0” on the I/O pin leaves the addressed loca- 
tion to be unprogrammed. All setup hold and delay times 
must be met, and in particular the sequence of operations 
should be strictly followed. During verify only operation it 
is not acceptable to hold PGM/VFY low and sequence 
addresses, as it violates address setup and hold times. Prop- 
er sequencing of all power and supervoltages is essential, to 
reliable programming of the device as improper sequencing 
could result in device damage. 



Notes: 

1. Power, Vpp & Vcc should not be cycled for each program/verify 2. For programming OE Product Terms & Architecture bits. Pin 1 1 

cycle, but may remain static during programming. (A9) must go to Vpp and satisfy Tas and Tan- 



Figure 8 
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Security Cell 

The security cell is programmed independently per the tim- 
ing diagram in Figure 9, and the information in Table 1. 
Note again that proper sequencing of power and program- 
ming signals is required. Data in is represented as a super- 
voltage on pin 3 and verified as a TTL signal output on the 

Programming Waveforms Security Cell 


PAL C 22V10B/PAL C 22V10 


same pin. A “0” on pin 3 indicates that the security bit has 
been programmed, and a “1” indicates that security bit has 
not been programmed. Security is programmed with a sin- 
gle 50 ms pulse on pin 13. A supervoltage on pin 4 is used 
to verify security after Vpp has been removed from pin 1. 



Figure 9 
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DC Programming Parameters t a = 25°c 

Table 6 


Parameter 

Description 

Min. 

Max. 

Units 

V P P for PAL C 22V 1 OB 

Programming Voltage 

12.0 

13.0 

Volts 

V P P for PAL C 22V 10 

Programming Voltage 

13.0 

14.0 

Volts 

VcCP 

Supply Voltage 

During Programming 

4.75 

5.25 

Volts 

Vihp 

Input HIGH Voltage 

During Programming 

3.0 

VcCP 

Volts 

Vilp 

Input LOW Voltage 

During Programming 

-3.0 

0.4 

Volts 

VoH 

Output HIGH Voltage 

2.4 


Volts 

VOL 

Output LOW Voltage 


0.4 

Volts 

Ipp 

Programming 

Supply Current 


40 

mA 



AC Programming Parameters 


Table 7 


Parameter 

Description 

Min. 

Max. 

Units 

T P 

Delay to Programming 

Voltage 

20 


ms 

Tdp 

Delay to Program 

1 


JUS 

Thp 

Hold from Program 
or Verify 

1 


JUS 

Tr,f 

Vpp Rise & Fall Time 

50 


ns 

Tas 

Address Setup Time 

1 


JUS 

Tah 

Address Hold Time 

1 


JUS 

Tds 

Data Setup Time 

1 


JUS 

Tdh 

Data Hold Time 

1 


JUS 

Tpp 

Programming Pulsewidth 

0.4 

10 

ms 

Tspp 

Programming Pulsewidth 
for Security 

50 


ms 

Tdv 

Delay from Program 
to Verify 

2 


juts 

Tvd 

Delay to Data Out 


1 

JUS 

Typ 

Verify Pulse Width 

2 


JUS 

Tdz 

Verify to High Z 


1 

JUS 
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Ordering Information 


Icc 

(mA) 

tPD 

(ns) 

ts 

(ns) 

tco 

(ns) 

Ordering Code 

Package 

Operating Range 

90 

15 

10 

10 

PAL C 22V10B-15PC/PI 

P13 

Commercial/Industrial 





PAL C 22 V 1 0B- 1 5 W C/WI 

W14 






PAL C 22V10B-15JC/JI 

J64 






PAL C 22V10B-15HC 

H64 


90 

20 

12 

12 

PAL C 22V10-20PC/PI 

P13 

Commercial/Industrial 





PAL C 22 V 1 0-20W C/WI 

W14 






PAL C 22V10-20JC/JI 

J64 






PAL C 22V10-20HC 

H64 


120 

20 

17 

15 

PAL C 22V10B-20DMB 

D14 

Military 





PAL C 22V10B-20WMB 

W14 






PAL C 22V10B-20HMB 

H64 






PAL C 22V10B-20LMB 

L64 






PAL C 22V10B-20QMB 

Q64 






PAL C 22V10B-20KMB 

K73 


55 

25 

15 

15 

PAL C 22V10L-25PC 

P13 

Commercial 





PAL C 22 V I0L-25WC 

W14 






PAL C 22V10L-25JC 

J64 






PAL C 22V10L-25HC 

H64 


90 

25 

15 

15 

PAL C 22V10-25PC/PI 

P13 

Commercial/Industrial 





PAL C 22V10-25WC/WI 

W14 






PAL C 22V10-25JC/JI 

J64 






PAL C 22V10-25HC 

H64 


100 

25 

18 

15 

PAL C 22V10-25DMB 

D14 

Military 





PAL C 22V10-25WMB 

W14 






PAL C 22V10-25HMB 

H64 






PAL C 22V10-25LMB 

L64 






PAL C 22V 10-25QMB 

Q64 






PAL C 22V10-25KMB 

K73 


100 

30 

20 

20 

PAL C 22V10-30DMB 

D14 

Military 





PAL C 22Y10-30WMB 

W14 






PAL C 22V10-30HMB 

H64 






PAL C 22V10-30LMB 

L64 






PAL C 22V10-30QMB 

Q64 






PAL C 22V10-30KMB 

K73 


55 

35 

30 

25 

PAL C 22V10L-35PC 

P13 

Commercial 





PAL C 22V10L-35WC 

W14 






PAL C 22V10L-35JC 

J64 






PAL C 22V10L-35HC 

H64 


90 

35 

30 

25 

PAL C 22V10-35PC/PI 

P13 

Commercial/Industrial 





PAL C 22 V 10-35 WC/WI 

W14 






PAL C 22V10-35JC/JI 

J64 






PAL C 22V10-35HC 

H64 


100 

40 

30 

25 

PAL C 22V10-40DMB 

D14 

Military 





PAL C 22V10-40WMB 

W14 






PAL C 22V10-40HMB 

H64 






PAL C 22V10-40LMB 

L64 






PAL C 22 V 10-40QMB 

Q64 






PAL C 22V10-40KMB 

K73 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 

Subgroups 

VOH 

1,2,3 

VOL 

1,2,3 

Vffl 

1,2,3 

Vil 

1,2,3 

Iix 

1,2,3 

loz 

1,2,3 

Icc 

1,2,3 


Switching Characteristics 


Parameters 

Subgroups 

tpD 

7,8,9,10,11 

tco 

7,8,9,10,11 

ts 

7,8,9,10,11 

tH 

7,8,9,10,11 


Document #: 38-00020-D 
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Features 

• Ultra high speed supports today’s and 
tomorrow’s fastest microprocessors 

— 10-ns tpD> 90-MHz, fMAX 

• BiCMOS technology 

• Up to 22 inputs and 10 outputs for 
more logic power 

• Variable product terms 

— 8 to 16 per output 

• 10 user-programmable output 
macrocells 

— Output polarity control 
— Registered or combinatorial 
operation 

— 2 new feedback paths 
(PAL22VP10C) 


• Synchronous PRESET, asynchronous 
RESET, and PRELOAD capability for 
flexible design and testability 

• High reliability 

— Proven Ti-W fuse technology 
— AC and DC tested at the factory 
— > 2001V input protection 

• Standard 300-mil PDIP and CDIP 
packages 

• PLCC and LCC packages with addi- 
tional V C c and Vss pins for improved 
performance 

• Security Fuse 

Functional Description 

The Cypress PAL22V 10C and 
PAL22VP10C are second-generation 
Programmable Array Logic devices. 
Developed by Aspen Semiconductor, a 
subsidiary of Cypress, using BiCMOS 
process and Ti-W fuses, the PAL22V10C 
and PAL22VP10C use the familiar 


sum-of-products (AND-OR) logic 
structure and a new concept, the program- 
mable macrocell. 

Both the PAL22V10C and PAL22VP10C 
provide 12 dedicated input pins and 
10 I/O pins (see Logic Symbol). By select- 
ing each I/O pin as either permanent or 
temporary input, up to 22 inputs can be 
achieved. Applications requiring up to 21 
inputs and a single output, down to 12 in- 
puts and 10 outputs can be realized. The 
“OUTPUT ENABLE” product term 
available on each I/O allows this selection. 
The PAL22V10C and PAL22VP10C 
feature variable product term architecture, 
where 8 to 16 product terms are allocated 
to each output (see Logic Symbol for 
details). This structure permits more 
applications to be implemented with these 
devices than with other PAL devices that 
have fixed number of product terms for 
each output. 


Logic Block Diagram 
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PAL® is a registered trademark of Advanced Micro Devices 
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Functional Description (continued) 

Additional features include common synchronous PRESET 
and asynchronous RESET product terms. They eliminate the 
need to use standard product terms for initialization functions. 
Both the PAL22V10C and PAL22VP10C automatically reset on 
power-up. In addition, the PRELOAD capability allows the 
output registers to be set to any desired state during testing. 

A security fuse is provided on each of these two devices to pre- 
vent copying of the device fuse pattern. 

With the programmable macrocells and variable product term 
architecture, the PAL22V10C and PAL22VP10C can implement 
logic functions in the 700 to 800 gate array complexity, with the 
inherent advantages of programmable logic. 


Macrocell 


Programmable Macrocell 

The PAL22V10C and PAL22VP10C each has 10 programmable 
output macro cells (see Macrocell). On the PAL22V10C two 
fuses (Cl and CO) can be programmed to configure output in 
one of four ways. Accordingly each output can be “REGIS- 
TERED” or “COMBINATORIAL’ with an active HIGH or 
active LOW polarity. The feedback to the array is also from 
this output (see Figure 1 ). An additional fuse (C2) in the 
PAL22VP10C provides for two additional feedback paths (see 
Figure 2). 


Programming 

The PAL22V10C and PAL22VP10C can be programmed using 
the QuickPro II programmer available from Cypress Semicon- 
ductor and also with Data I/O programmers. Please contact 
your local Cypress representative for further information. 




Asynchronous RESET 
Synchronous PRESET 
Output Enable 
Clock Pulse 


1. PAL22VP10C only 


Table 1. Output Macrocell Configuration 


C2tH 

Cl 

CO 

Output Type 

Polarity 

Feedback 

0 

0 

0 

Registered 

Active LOW 

Registered 

0 

0 

1 

Registered 

Active HIGH 

Registered 

X 

1 

0 

Combinatorial 

Active LOW 

I/O 

X 

1 

1 

Combinatorial 

Active HIGH 

I/O 

1 

0 

0 

Registered 

Active LOW 

i/opi 

1 

0 

1 

Registered 

Active HIGH 

i/om 
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REGISTER FEEDBACK. REGISTERED, ACTIVE-LOW OUTPUT REGISTER FEEDBACK, REGISTERED, ACTIVE-HIGH OUTPUT 



I/O FEEDBACK, COMBINATORIAL, ACTIVE-LOW OUTPUT I/O FEEDBACK, COMBINATORIAL, ACTIVE-HIGH OUTPUT 

Figure 1. PAL22V10C and PAL22VP10C Macrocell Configurations 



I/O FEEDBACK, REGISTERED, ACTIVE-LOW OUTPUT I/O FEEDBACK, REGISTERED, ACTIVE-HIGH OUTPUT 

Figure 2. Additional Macrocell Configurations for the PAL22VP10C 
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Selection Guide 




22V10C-10 

22VP10C-10 

22V10C-12 

22VP10C-12 

22V10C-15 

22VP10C-15 

I cc (mA) 

ComT 


190 

190 


Mil 




190 

tpD (ns) 

ComT 


10 

12 


Mil 




15 

ts (ns) 

ComT 


3.6 

4.5 


Mil 




7.5 

tco (ns) 

ComT 


7.5 

9.5 


Mil 




10 

fxtAX (MHz) 

ComT 


90 

71 


Mil 




57 


Maximum Ratings 

[Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature -65 °C to + 150 °C 

Ambient Temperature with 

Power Applied -55°Cto +125°C 

Supply Voltage to Ground Potential -0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State -0.5V to V C c Max 

DC Input Voltage -0.5V to + 5.5V 

DC Input Current -30 mA to + 5 mA 

(Except during programming) 


DC Programming Voltage 10V 

Static Discharge Voltage >200 IV 


(per MIL-STD-883 Method 3015) 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to +75°C 

5V ± 5% 

Military! 6 ! 

-55 °C to + 125°C 

5V ± 10% 



Electrical Characteristics Over the Operating Range 


Parameters 

Description 

Test Conditions 

Min. 

Max. 

Units 

S 

Output HIGH Voltage 

V cc =Min., 

Vin = V m or V IL 

Ioh = -3.2 mA 

ComT 

2.4 

■ 

n 

Ioh — -2 mA 

Mil 

■■ 

Output LOW Voltage 

Vcc =Min., 

Vin = V IH or V IL 

Iol = 16 mA 

ComT 

■ 

0.5 

D 

I OL = 12 mA 

Mil 

V IH 

Input HIGH Level 

Guaranteed Input Logical HIGH Voltage for All Inputs 12 

2.0 


mm 

V, L 

Input LOW Level 

Guaranteed Input Logical LOW Voltage for All Inputs M 


0.8 

V 

Iix 

Input Leakage Current 

Vss Vin Vcc, V C c = Max. 

-250 

50 

ItA 

loz 

Output Leakage Current 

Vcc = Max., Vss Vout^- V cc 

-100 

100 

II 

Isc 

Output Short Circuit Current 

Vrr = Max., Voht = 0.5V |3] 

-30 

-90 

mA 

Icc 

Power Supply Current 

V C c = Max., Vin =GND Outputs Open 

ComT 


190 

mA 

Mi! 


HRI 



Notes: 

2. These are absolute values with respect to device ground and all over- 
shoots due to system or tester noise are included. 

3. Not more than one output should be tested at a time. Duration of the 
short circuit should not be more than one second. Vqut = 0.5V has 
been chosen to avoid test problems caused by tester ground 
degradation. 


4. Tested initially and after any design or process changes that may affect 
these parameters. 

5. AC test load used for all parameters except where noted. 

6. T a is the “instant on” case temperature. 


4-83 






















































































fJFcyfress 
T? semcxdnductc* ; 


Switching Characteristics PAL22V10C/PAL22VP10C |5] 



Commercial 


PAL22V10C 
PRELIMINARY PAL22YP10C 


Military 


Description 


Input to Output 
Propagation Delay I 13 ) 


Input to Output 
Enable Delay 


Input to Output 
Disable Delay t 8 l 


Clock to Output Delay ( 13 1 


Input or Feedback 
Set-Up Time 


Input Hold Time 


External Clock 
Period (t C o + ts) 


Clock Width HIGH! 4 ) 


Clock Width LOW 141 


External Maximum 
Frequency 
(l/(tco +ts)) I9) 


Data Path 

fMAX2 Maximum Frequency 
(l/(twn +tw L )) [4 ’ 10 ] 


Internal Feedback 
fMAX3 Maximum Frequency 
(l/(t C F +ts))> n l 


Register Clock to 
Feedback Input 1121 


Asynchronous Reset 
Width 


Asynchronous Reset 
Recovery Time 


Asynchronous Reset to 
Registered Output Delay 


Synchronous Preset 
Recovery Time 


Power-Up Reset Time [14! 



Notes: 

7. This parameter is sample tested periodically with the device clocked 
at f\iAX external (f\iAXi) with all registers cycling on each cycle and 
outputs disabled (in high Z state). 

8. This parameter is measured as the time after output disable input that 
the previous output data state remains stable on the output. This de- 
lay is measured to the point at which a previous high level has fallen to 
0.5 volts below Voh Min. or a previous low level has risen to 0.5 volts 
above Vql Max. 

9. This specification indicates the guaranteed maximum frequency at 
which a state machine configuration with external feedback can oper- 
ate. 

10. This specification indicates the guaranteed maximum frequency at 
which an individual output register can be cycled. 


11. This specification indicates the guaranteed maximum frequency at 
which a state machine configuration with internal only feedback can 
operate. This parameter is tested periodically by sampling produc- 
tion product. 

12. This parameter is calculated from the clock period at fMAX internal 
(fMAX 3 ) as measured (see note 11) minus ts- 

1 3. This specification is guaranteed for all device outputs changing state 
in a given access cycle. 

14. The registers in the PAL22V10C/PAL22VP10C have been designed 
with the capability to reset during system power-up. Following 
power-up, all registers will be reset to a logic LOW state. The output 
state will depend on the polarity of the output buffer. This feature is 
useful in establishing state machine initialization. To insure proper 
operation, the rise in Vcc must be monotonic and the timing con- 
straints depicted in power-up reset waveforms must be satisfied. 
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Capacitance 141 


Parameters 

Description 

iyp. 

Max. 

Units 

Qn 

Input Capacitance 

n 


pF 

CouT 

Output Capacitance 

9 


pF 


AC Test Loads and Waveforms 


5 V O- 
OUTPUT O- 


R1 238 XI 
(319 XI MIL) 


1 ° L f (236x1 MIL) 

_L 

JIG AND “ “ 

SCOPE 


R2 

170X1 


Equivalent to: THEVENIN EQUIVALENT 
OUTPUT O 


99X1 

-vw — 


O 2.08V = Vthc 


Commercial 


PIOF-5 


Equivalent to: THEVENIN EQUIVALENT 


OUTPUT O- 


136x1 

— vw — 


Military 


-O 2.13V = Vthm 


Switching Waveform 


Specification 

C L 

Package 

Measurement Level 

tpD. tco. tcF 

15 pF 

PDIP, CDIP 

1.5V 

50 pF 

PLCC, LCC 

Iea 

15 pF 

PDIP, CDIP 

See t E A Waveform 

50 pF 

PLCC, LCC 

t E R 

5 pF 

All 

See t ER Waveform 



Parameter 

V x 

Output Waveform— Measurement Level 

tER(-) 

1.5V 


t 

0.5V J 


tER(+) 

2.6V 

nw ♦ J 


V OL ' * 

«•- PIOF-8 

t E A(+) 

v, hc 

0-5V-i J 

V x | ^ 

V OH 

PIOF-9 

l EA (-) 

v thc 

V x — — 4==V 


0.5V | 




Power-Up Reset Waveform o 4 i 

POWER 


REGISTERED 
ACTIVE LOW 
OUTPUT 


CLOCK 


w 
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Preload Waveform 



tDPR 

*DPR 

*DPR 

^DPR 

*DPR 

*DPR 








pin 9 (ii$: , 

f 

VlLP 



V,HP 

V,LP 


> 

i 


V IH P 


PIN 2 (3). > 

PIN 8 (10) 

t 









PIN 10 (12) V,J 

f 


V,HP 


\ 


PIN 13 (16) w i 

V ILP j 


1 

! 



Vp P 

V v w l 


\ 



PIN 1 (2) V|HP 

X 

o 

> 

< A 

> 

f 

< i 

X 

o 

> 

VlHP 

REGISTERED 

OUTPUT 





t 

L 

f ' 

? ' 


-J 

o 

> 


V ILP 


Vol 


OUTPUT FORCE 
DISABLED OUTPUT 
TOV ilp 
OR V| H p 


PRELOAD OUTPUT REGISTERS 

DATA FORCE PRELOADED. 

CLOCKED REMOVED OUTPUT 

IN ENABLED 


PF10-13 


DIP (PLCC, LCC) Pinouts 


Forced level on register 
pin during preload 

Register Q output 
state after preload 

V.HP 

High 

VlLP 

Low 


Name 

Description 

Min. 

Max. 

Units 

Vpp 

Programming Voltage 

9.25 

9.75 

V 

tDPR 

Delay for Preload 

1 


ps 

V ILP 

Input Low Voltage 

0 

0.4 

V 

V, HP 

Input High Voltage 

3 

4.75 

V 
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Functional Logic Diagram for PAL22V10C/PAL22VP10C 



DIP (PLCC and LCC) Pinouts P10C-14 
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Ordering Information 


Ice (mA) 

t PD (ns) 

fMAx (MHz) 

Ordering Code 

Package 

Type 

Operating 

Range 

190 

10 

90 

PAL22V 10C-10PC 

P13 

Commercial 




PAL22V 10C-10DC 

D14 





PAL22V 10C-10JC 

J64 





PAL22VP10C-10PC 

P13 





PAL22VP10C-10DC 

D14 





PAL22VP10C-10JC 

J64 



12 

71 

PAL22V 10C- 12PC 

P13 

Commercial 




PAL22V 10C-12DC 

D14 





PAL22V10C-12JC 

J64 





PAL22VP10C-12PC 

P13 





PAL22VP IOC- 12DC 

D14 





PAL22VP10C-12JC 

J64 



15 

57 

PAL22V IOC- 15DMB 

D14 

Military 




PAL22V IOC- 15LMB 

L64 





PAL22VP IOC- 15DMB 

D14 





PAL22VP10C-15LMB 

L64 



Document #: 38-A-00020A 
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Features 


CMOS Programmable 
Synchronous State Machine 


• 12 I/O macro cells each having: 

— registered, three-state I/O 
pins 

— input register clock select 
multiplexer 

— feed back multiplexer 

— output enable (OE) 
multiplexer 

• All twelve macro cell state 
registers can be hidden 

• User configurable state 
registers — JK, RS, T, or D 

• Input multiplexer per pair of 
I/O macro cells allows I/O pin 
associated with a hidden macro 
cell state register to be saved for 
use as an input 

• 4 dedicated hidden registers 

• 11 dedicated, registered inputs 

• 3 separate clocks — 2 inputs, 

1 output 

• Common (PIN 14 controlled) or 
product term controlled output 
enable for each I/O pin 


• 256 product terms — 32 per pair 
of macro cells, variable 
distribution 

• Global, synchronous, product 
term controlled, state register 
set and reset — inputs to product 
term are clocked by input clock 

• 66 MHz operation 

— 3 ns input setup and 12 ns 
clock to output 

— 15 ns input register clock to 
state register clock 

• Low power 

— 130 mA Ice 

• 28 pin 300 mil DIP, LCC 

• Erasable and reprogrammable 

Product Characteristics 

The CY7C330 is a high-performance, 
eraseable, programmable, logic device 
(EPLD) whose architecture has been 
optimized to enable the user to easily 
and efficiently construct very high per- 
formance synchronous state machines. 


The unique architecture of the 
CY7C330, consisting of the user-con- 
figurable output macrocell, bi-direc- 
tional I/O capability, input registers, 
and three separate clocks, enables the 
user to design high performance state 
machines that can communicate either 
with each other or with microproces- 
sors over bi-directional parallel busses 
of user-definable widths. 

The three separate clocks permit inde- 
pendent, synchronous state machines 
to be synchronized to each other. The 
two input clocks, Cl, C2, enable the 
state machine to sample input signals 
that may be generated by another sys- 
tem and that may be available on its 
bus for a short period of time. 

The user-configurable state register 
flip-flops enable the designer to desig- 
nate JK, RS, T, or D type devices, so 
that the number of product terms re- 
quired to implement the logic is mini- 
mized. 


Block Diagram and DIP Pinout 

0E A 0 ! 9 'a b ! 6 ! 5 v ss 


I, l 0 /CK2 CK1 CLK 



LCC Pinout 



PLCC Pinout 


, nnnnnnn 


12131415161718 

u u u u u u u 


□ l/Oj 

□ I/O, 

23 Dl/o, 
22 DV CC 
21 37,5 

20 f5l/0 6 

31/0, 


Selection Guide 



CY7C330-66 

CY7C330-50 

CY7C330-40 

CY7C330-33 

CY7C330-28 

Maximum Operating Frequency (MHz) 

Commercial 

66.6 

50.0 


33.3 


Military 


50.0 

40.0 


28.5 

Power Supply Current Icci (mA) 

Commercial 

140 

130 


130 


Military 


160 

150 


150 
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Product Characteristics (Continued) 

The major functional blocks of the CY7C330 are (1) the 
input registers and (input) clock multiplexers, (2) the 
EPROM (AND) cell array, (3) the twelve I/O macrocells 
and (4) the four hidden registers. 

Input Registers and Clock Multiplexers 
There are a total of eleven dedicated Input Registers. Each 
Input Register consists of a D flip-flop and a clock multi- 
plexer. The clock multiplexer is user-programmable to se- 
lect either CK1 or CK2 as the clock for the flip-flop. CK2 
and OE can alternatively be used as inputs to the array ._ 
The twenty-two outputs of the registers (i.e. the Q and Q 
outputs of the input registers) drive the array of EPROM 
cells. 

An architecture configuration bit (C4) is reserved for each 
Dedicated Input Register cell to allow selection of either 
input clock CK1 or CK2 as the input register clock for 
each Dedicated Input Cell. If the CK2 clock is not needed 
that input may also be used as a general purpose array 
input. In this case the Input Register for this input can 
only be clocked by input clock CK1. Figure 1 illustrates 
the Dedicated Input Cell composed of input register, Input 
Clock Multiplexer, and architecture configuration bit C4 
which determines the input clock selected. 

I/O Macro Cell 

The logic diagram of the CY7C330 I/O macro cell is 
shown in Figure 2. There are a total of twelve indentical 
macro cells. 

Each macro cell consists of: 

— An Output State Register which is clocked by the global 
state counter clock, CLK (PIN 1). The State Register 
can be configured as a D, JK, RS, or T flip-flop (default 
is a D-type flip-flop). Polarity can be controlled in the 
D flip-flop implementation by use of the exclusive or 
function. Data is sampled on the LOW to HIGH clock 
transition. All of the State Registers have a common 
reset and set which are controlled synchronously by 
Product Terms which are generated in the EPROM cell 
array. 

— A Macro Cell Input Register which may be clocked by 
either the CK1 or CK2 input clock as programmed by 
the user by use of architecture configuration bit C2 
which controls the I/O Macro Cell Input Clock Multi- 
plexer. The Macro Cell Input Registers are initialized 
on power up such that all of the Q outputs are at logic 
LOW level and the Q outputs are at a logic HIGH level. 

— An Output Enable Multiplexer (OE), which is user-pro- 
grammable, by architecture configuration bit CO, to se- 
lect either the common OE signal from pin 14 or, for 
each cell individually, the signal from the Output En- 
able product term associated with each macro cell. The 
Output Enable input signal to the array product term is 
clocked through the input register by the selected input 
register clock, CK1 or CK2. 

— An input Feed Back Multiplexer which is user-pro- 
grammable to select either the output of the State Regis- 
ter or the output of the Macro Cell Input Register to be 
fed back into the array. This option is programmed by 
architecture configuration bit Cl. If the output of the 
Macro Cell Input Register is selected by the Feed Back 
Multiplexer, the I/O pin becomes bi-directional. 


Macro Cell Input Multiplexer 
Each pair of I/O macro cells share a Macro Cell Input 
Multiplexer which selects the output of one or the other of 
the pair’s input registers to be fed to the input array. This 
multiplexer is shown in Figure 2. The Macro Cell Input 
Multiplexer allows the input pin of a macro cell, for which 
the state register has been hidden by feeding back its input 
to the input array, to be preserved for use as an input pin. 
This is possible as long as the other macro cell of the pair is 
not needed as a input or does not require State Register 
feed back. The input pin input register output which would 
normally be blocked by the hidden State Register feed back 
can be routed to the array input path of the companion 
macro cell for use as array input. 

State Registers 

By use of the exclusive or gate the State Register may be 
configured as a JK, RS or T Register. The default is a 
D-Type register. For the D-Type register, the exclusive or 
function can be used to select the polarity or the register 
output. 

The set and reset of the State Register are global synchro- 
nous signals which are controlled by the logic of two global 
product terms for which input signals are clocked through 
the input registers by either of the input clocks, CK1 or 
CK2. 

Hidden Registers 

In addition to the twelve macro cells, which contain a total 
of twenty-four registers, there are four hidden registers 
whose outputs are not brought out to the device output 
pins. The Hidden State Register Macro Cell is shown in 
Figure 3. 

The four hidden registers are clocked by the same clock as 
the macrocell state registers. All of the hidden register flip- 
flops have a common, synchronous set, S, as well as a com- 
mon, synchronous reset, R, which over-ride the data at the 
D input. The S and R signals are PRODUCT TERMS that 
are generated in the array and are the same signals used to 
preset and reset the state register flip-flops. 

Macrocell Product Term Distribution 
Each pair of macrocells has a total of thirty-two product 
terms. Two product terms of each macrocell pair are used 
for the output enables (OEs) for the two output pins. Two 
product terms are also used as one input to each of the two 
exclusive OR gates in the macrocell pair. The number of 
product terms available to the designer is then 32 — 4 = 

28 for each macrocell pair. These product terms are divid- 
ed between the macro cell state register flip-flops as shown 
in Table 1 . 


Table 1. Product Term Distribution 


Macro Cell 

Pin No. 

Product Terms 

0 

28 

9 

1 

27 

19 

2 

26 

11 

3 

25 

17 

4 

24 

13 

5 

23 

15 

6 

20 

15 

7 

19 

13 

8 

18 

17 

9 

17 

11 

10 

16 

19 

11 

15 

9 
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Product Characteristics (Continued) 
bidden State Register Product Term Distribution 

3ach pair of hidden registers also has a total of 32 product 
erms. Two product terms are used as one input to each of 
he exclusive OR gates. However, because the register out- 
ruts do not go to any output pins, output enable product 
erms are not required. Therefore, 30 product terms are 
ivailable to the designer for each pair of hidden registers. 
The product term distribution for the four hidden registers 
ire shown in Table 2. 


Table 2. Hidden State Register Product Term Distribution 


Hidden Register Cell 

Product Terms 

0 

19 

1 

11 

2 

17 

3 

13 


Architecture Configuration Bits 

The architecture configuration bits are used to program the 
multiplexers. The function of the architecture bits is out- 
lined below. 


Table 3. Architecture Configuration Bits 


Architecture 
Configuration Bit 

Number 
of Bits 

Value 

Function 

CO 

Output Enable 
Select MUX 

12 Bits, 1 Per 

I/O Macro Cell 

0 — Virgin State 

Output Enable Controlled by Product Term 

1 — Programmed 

Output Enable Controlled by Pin 14 

Cl 

State Register 

Feed Back MUX 

12 Bits, 1 Per 

I/O Macro Cell 

0 — Virgin State 

State Register Output is Fed Back to Input Array 

1 — Programmed 

I/O Macro Cell is Configured as an Input 
and Output of Input Register is Fed to Array 

C2 

I/O Macro 

Cell Input 

Register Clock 
Select MUX 

12 Bits, 1 Per 

I/O Macro Cell 

0— Virgin State 

CK1 Input Register Clock (Pin 2) is Connected 
to I/O Macro Cell Input Register Clock Input 

1 — Programmed 

CK2 Input Register Clock (Pin 3) is Connected 
to I/O Macro Cell Input Register Clock Input 

C3 

I/O Macro Cell 

Pair Input 

Select MUX 

6 Bits, 1 Per 

I/O Macro Cell 
Pair 

0 — Virgin State 

Selects Data from I/O Macro Cell Input Register 
of Macrp Cell A of Macro Cell Pair 

1 — Programmed 

Selects Data from I/O Macro Cell Input Register 
of Macro Cell B of Macro Cell Pair 

C4 

Dedicated Input 
Register Clock 
Select MUX 

1 1 Bits, 1 Per 
Dedicated Input 
Cell 

0— Virgin State 

CK1 Input Register Clock (Pin 2) is Connected 
to Dedicated Input Register Clock Input 

1 — Programmed 

CK2 Input Register Clock (Pin 3) is Connected 
to Dedicated Input Register Clock Input 



Figure 1. Dedicated Input Cell 
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Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature — 65°C to + 150°C 

Ambient Temperature with 


Static Discharge Voltage > 2001V 


Power Applied — 55°C to + 125°C 

Supply Voltage to Ground Potential 

(Pin 22 to Pins 8 and 21) -0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State —0.5V to + 7.0V 

DC Input Voltage - 3.0V to + 7.0V 

Output Current into Outputs (Low) 12 mA 


(per MIL-STD-883 Method 3015) 


Latchup Current > 200 mA 

DC Programming Voltage 13.0V 

Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to +75°C 

5V ± 10% 

Military I 1 2 3 4 5 ] 

- 55°C to + 125°C 

5V ± 10% 


Electrical Characteristics Over Operating Rangel 6 ! 


Parameters 

Description 

Test Conditions 


Max. 

Units 

Voh 

Output HIGH Voltage 

Vcc = Min., 

Vin = Vj H or Vil 

Ioh = — 3.2 mA 

COM’L 

B 


D 

lOH = -2 mA 

MIL 

Vol 

Output LOW Voltage 

Vcc = Min., 

Vin = Vih or Vil 

Iol = 12 mA 

COM’L 


0.5 

B 

Iql = 8 mA 

MIL 

Vih 

Input HIGH Level 

Guaranteed Input Logical HIGH Voltage for All Inputs^! 

2.2 


mm 

VlL 

Input LOW Level 

Guaranteed Input Logical LOW Voltage for All Inputs ^ 1 



mm 

Iix 

Input Leakage Current 

Vss ^ Vin ^ Vcc, Vcc = Max. 

-10 

10 

ju.A 

loz 

Output Leakage Current 

Vcc = Max. Vss ^ Vout ^ Vcc 


40 

p.A 

Isc 

Output Short Circuit Current 

Vcc = Max., Vqut — 0.5Vt2l 

-30 

-90 

mA 

Icci 

Standby Power Supply 

Current 

Vcc = Max., Vin = GND 

Outputs Open 

COM’L (-66 MHz) 


140 

mA 

COM’L 


130 

mA 

MIL (-50 MHz) 


160 

mA 

MIL 


150 

mA 

Icc2 

Power Supply Current 
at Frequency [ 3 > 7 8 9 1 

Vcc = Max. 

Outputs Disabled (in High Z State) 
Device Operating at fMAX 

External (f\iAXl) 

COM’L (-33 MHz & -50 MHz) 


160 

mA 

COM’L (-66 MHz)[15) 


180 

mA 

MIL (-28 MHz & -40 MHz) 


180 

mA 

MIL (-50 MHz) [15] 


200 

mA 


Capacitance 


Parameters 

Description 

Test Conditions 

Min 

Max 

Units 

ClN 

Input Capacitance 

Vin = 2.0V @ f = 1 MHz 


7 

pF 

CoUT 

Output Capacitance 

Vqut = 2.0V @ f = 1 MHz 


8 


Notes: 


1. These are absolute values with respect to device ground and all over- 
shoots due to system or tester noise are included. 

2. Not more than one output should be tested at a time. Duration of the 
short circuit should not be more than one second. Vout = 0.5V has 
been chosen to avoid test problems caused by tester ground degrada- 
tion. 

3. Tested initially and after any design or process changes that may 
affect these parameters. 

4. Figure 4a test load used for all parameters except tcEA. tcER, tpzx 
and tpxz- Figure 4b test load for tcEA> tCER> tpzx, tpxz- 

5. T a is the “instant on” case temperature. 

6. See the last page of this specification for Group A subgroup testing 
information. 

7. This parameter is sample tested periodically. 

8. This parameter is measured as the time after output register disable 
input that the previous output data state remains stable on the output. 
This delay is measured to the point at which a previous high level has 
fallen to 0.5V below Voh Min or a previous low level has risen to 
0.5V above Vol Max. Please see Figure 6 for enable and disable test 
waveforms and measurement reference levels. 

9. This parameter is measured as the time after output register clock 
input that the previous output data state remains stable on the output. 


10. This difference parameter is designed to guarantee that any 
CY7C330 output fed back to its own inputs externally or internally 
will satisfy the input register minimum input hold time. This param- 
eter is guaranteed for a given individual device and is tested by a 
periodic sampling of production product. 

1 1 . This specification is intended to guarantee feeding of this signal to 
another 33X family input register cycled by the same clock with 
sufficient output data stable time to insure that the input hold time 
minimum of the following input register is satisfied. This parameter 
difference specification is guaranteed by periodic sampling of pro- 
duction product of CYC330 and CY7C332. This difference parame- 
ter is guaranteed to be met only for devices at the same ambient 
temperature and Vcc supply voltage. 

12. This specification indicates the guaranteed maximum frequency at 
which a state machine configuration with external feed back can 
operate. 

1 3. This specification indicates the guaranteed maximum frequency at 
which an individual input or output register can be cycled. 

14. This specification indicates the guaranteed maximum frequency at 
which a state machine configuration with only internal feedback can 
operate. This parameter tested periodically on a sample basis. 
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SEMICONDUCTOR 


CY7C330 


Switching Characteristics Over the Operating Rangel 4 . 6] 


Parameters 

Description 

Commercial 

Military 

Units 

-66 

-50 

-33 

-50 

-40 

-28 













tis 

Input or Feedback Setup Time 
to Input Register Clock 

3 


5 


10 


5 


5 


10 


ns 

tos 

Input Register Clock to 

Output Register Clock 

15 


20 


30 


20 


25 


35 


ns 

tco 

Output Register Clock 
to Output Delay 


12 


15 


20 


15 


20 


25 

ns 

tlH 

Input Register Hold Time 

5 


a 


5 


5 


5 


5 



tCEA 

Input Register Clock To 

Output Enable Delay 


20 


20 


30 


20 


25 


35 

ns 

tCER 

Input Register Clock to 

Output Disable Delay ® 


20 


20 


30 


20 


25 


35 

ns 

tpzx 

Pin 14 Enable to Output 

Enable Delay 


20 


20 


30 


20 


25 


35 

ns 

tpxz 

Pin 14 Disable to Output 

Disable Delay® 


20 


20 


30 


20 


25 


35 

ns 

tWH 

Input or Output Clock Width High! 3 . 7 1 

6 


8 


m 


8 


El 


El 



tWL 

Input or Output Clock Width Low® 7 1 

6 


8 


m 


8 


El 


□ 



tp 

External Clock Period (tco + tis) 

Input and Output Clock Common 

15 


20 


30 


20 


25 


35 


ns 

tOH 

Output Data Stable Time from 
Synchronous Clock Input ® 

3 


3 


3 


3 


3 


3 


ns 

tOH-tlH 

Output Data Stable Time 

This Device Minus I/P Reg 

Hold Time Same Device! 10 ] 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

ns 

tOH“ 
tiH 33X 

Output Data Stable Time Minus I/P 

Reg Hold Time 7C330 & 7C332U H 

0 


0 


0 


0 


0 


0 


ns 

fMAXl 

External Maximum Frequency 
(l/(tco + tis))!® 

66.6 


50.0 


33.3 


50.0 


40.0 


28.5 


MHz 

fMAX2 

Maximum Register Toggle Frequency 
(l/(twH + tWL»! 7, 13 ] 

83.3 


62.5 


41.6 


62.5 


50.0 


33.3 


MHz 

fMAX3 

Internal Maximum Frequency U4] 

74.0 


57.0 


37.0 


57.0 




30.0 
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SEMICONDUCTOR 


CY7C330 


AC Test Loads and Waveforms (Commercial) 


R1 

31 3A 
(470A MIL) 


INCLUDING *T 
JIG AND J. 
SCOPE — 


50 pF > R2 
: < 208a 


R1 

313a 

(470a MIL) 


5 pF 

Z < 208 a 


~j~~ | (519a MIL) ~J~ Y (31 9a MIL) 


1 $5 ns 

Figure 5 


Figure 4a Figure 4b 

Equivalent to: THEVENIN EQUIVALENT (Commercial) 

125a 

OUTPUT O— WV — O 2.00V = V thc 


Switching Waveforms 

I/O INPUTS, REGISTERED 
FEEDBACK INPUTS 


Equivalent to: THEVENIN EQUIVALENT (Military) 

190a 

OUTPUT O—WV — O 2.02V = V thm 


INPUT CLOCK 


OUTPUT CLOCK 


EH E HI 
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CY7C330 



Figure 6. Test Waveforms 
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Ordering Information 


ISESB1 

Icci (mA) 

Ordering Code 

Package 

Operating Range 

66.6 

140 

CY7C330-66PC 

P21 

Commercial 

CY7C330-66WC 

W22 

CY7C330-66JC 

J64 

CY7C330-66HC 

H64 

50 

160 

CY7C330-50DMB 

D22 

Military 

CY7C330-50WMB 

W22 

CY7C330-50HMB 

H64 

CY7C330-50LMB 

L64 

CY7C330-50TMB 

T74 

CY7C330-50QMB 

Q64 

50 

130 

CY7C330-50PC 

P21 

Commercial 

CY7C330-50WC 

W22 

CY7C330-50JC 

J64 

CY7C330-50HC 

H64 

40 

150 

CY7 C3 30-40DMB 

D22 

Military 

CY7C330-40WMB 

W22 

CY7C330-40HMB 

H64 

CY7C330-40LMB 

L64 

CY7C330-40TMB 

T74 

CY7C330-40QMB 

Q64 

33.3 

130 

CY7C330-33PC 

P21 

Commercial 

CY7C330-33WC 

W22 

CY7C330-33JC 

J64 

CY7C330-33HC 

H64 

28.5 

150 

CY7C330-28DMB 

D22 

Military 

CY7C330-28WMB 

W22 

CY7C330-28HMB 

H64 

CY7C330-28LMB 

L64 

CY7C330-28TMB 

T74 

CY7C330-28QMB 

Q64 


CY7C330 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 

Subgroups 

VOH 

1,2,3 

VOL 

1,2,3 

VlH 

1,2,3 

VlL 

1,2,3 

Iix 

1,2,3 

loz 

1,2,3 

Icc 

1,2,3 


CY7C330 


Switching Characteristics 


Parameters 

Subgroups 

tisu 

7,8,9,10,11 

tosu 

7,8,9,10,11 

tco 

7,8,9,10,11 

tH 

7,8,9,10,11 

tCEA 

7,8,9,10,11 

tpzx 

7,8,9,10,11 


Document #: 38-00064-C 
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CYPRESS 
SEMICONDUCTOR 


Asynchronous Registered 

EPLD 


Features 


Product Characteristics 


• 12 I/O macrocells each having: 
— One state Flip-Flop with an 

XOR sum or products input 
— One feedback Flip-Flop with 
input coming from the I/O 
pin 

— Independent (product term) 
set, reset, and clock inputs on 
all registers 

— Asynchronous bypass 
capability on all registers, 
under product term control 

(r = s = 1) 

— Global or local output enable 
on tristate I/O 

— Feedback from either register 
to the array 

• 192 product terms with variable 
distribution to macrocells 


• 13 inputs, 12 feedback I/O pins, 
plus 6 shared I/O macrocell 
feedbacks for a total of 31 true 
and complementary inputs 

• High speed: 20 tpo ns maximum 

• Security bit 

• Space saving 28 pin slim-line 
DIP package; also available in 
28 pin PLCC 

• Low power 

— 90 mA typical Ice quiescent 

— 180 mA Ice maximum 
— UV-Eraseable and 

reprogrammable 
— Programming and operation 
100% testable 


The CY7C331 is the most versatile 
PLD available for asynchronous de- 
signs. Central resources include 12 full 
D-type Flip-Flops with separate set, re- 
set and clock capability. For increased 
utility, XOR gates are provided at the 
D-inputs and the product term alloca- 
tion per Flip-Flop is variably distribut- 
ed. 

I/O Resources 

Pins 1 through 7 and 9 through 14 
serve as array inputs; pin 14 may also 
be used as a global output enable for 
the I/O macrocell tristate outputs. Pins 
1 5 through 20 and 23 through 28 are 
connected to I/O macrocells and may 
be managed as inputs or outputs de- 
pending on the configuration and the 
macrocell OE terms. 



PLCC Pinout 
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Selection Guide 


Generic 

Icci mA 

tpD ns 

ts ns 

tco ns 

Part Number 

Com 

Mil 

Com 

Mil 

Com 

Mil 

Com 

Mil 

CY7C331-20 

130 


20 


12 


20 


CY7C331-25 

120 

160 

25 

25 

12 

15 

25 

25 

CY7C331-30 


150 


30 


15 


30 

CY7C331-35 

120 


35 


15 


35 


CY7C331-40 


150 


40 


20 


40 


Block Diagram and DIP Pinout 

0E /'l2 'll ho '9 '8 b V SS '6 '5 U '3 '2 'l 'o 


[~I4~ I~i7| [iT 11 |~m 9 |T 7 |~6~ 5 |~4~] 3 [T| [T 


Eipp 

>?>?>? >?>?>?>?>?>?>? 

nil 

PROGRAMMABLE AND ARRAY 
(192x62) 

10 8 8 8 8 10 6 12 4 

n 


mmm 

BIBIBWmBBIBBBI 


15 16 17 |T 19 [T 21 [T 23 ~~0~" 1 2s| | £6] 1 27] [2^ 


I/O,, l/0 10 I/Oo i/o 8 i/o 7 i/o 6 v ss v cc 1/O5 l/0 4 I/O, l/0 2 I/O, i/o 0 
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I/O Resources (Continued) 


It should be noted that there are two ground connections 
(pins 8 and 21) which, together with Vcc (pin 22) are 
located centrally on the package. The reason for this place- 
ment and dual ground structure is to minimize the ground- 
loop noise when the outputs are driving simultaneously 
into a heavy capacitive load. 



0100-3 


Figure 1. Macrocell 


The CY7C331 has 12 macrocells. Each macrocell has two 
D-type Flip-Flops. One is fed from the array, and one is fed 
from the I/O pin. For each Flip-Flop there are 3 dedicated 
product terms driving the R, S, and Clock inputs respec- 
tively. Each macrocell has one input to the array and for 
each pair of macrocells there is one shared input to the 
array. The macrocell input to the array may be configured 
to come from the ‘Q’ output of either Flip-Flop. 


The D-type Flip-Flop which is fed from the array (i.e., the 
state Flip-Flop) has a logical XOR function on its input 
which combines a single product term with a sum (OR) of 
a number of product terms. The single product term is used 
to set the polarity of the output or to implement toggling 
(by including the current output in the product term). 


The R and S inputs to the Flip-Flops override the current 
setting of the ‘Q’ output. The S input sets ‘Q’ true and the 
R input ‘resets’ ‘Q’ (sets it false). If both R and S are assert- 
ed (true) at once, then the output will follow the input 
OQ’ = ‘D’). 


Table 1 


R 

S 

Q 

1 

0 

0 

0 

1 

1 

1 

1 

D 

R-S Truth Table 


OUTPUT FROM 
LOGIC ARRAY 


FEED8ACK TO 
LOGIC ARRAY 


INPUT TO 
LOGIC ARRAY 


OUTPUT FROM 
LOGIC ARRAY 


FEEDBACK TO 
LOGIC ARRAY 
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Figure 2. Shared Input Multiplexer 


Shared Input Multiplexer 

The input associated with each pair of macrocells may be 
configured by the shared input multiplexer to come from 
either macrocell; the ‘Q’ output of the Flip-Flop coming 
from the I/O pin is used as the input signal source. 

Product Term Distribution 

The product terms are distributed to the macrocells such 
that 32 product terms are distributed between two adjacent 
macrocells. The pairing of macrocells is the same as it is for 
the shared inputs. 8 of the product terms are used in each 
macrocell for set, reset, clock, OE and the upper part of the 
XOR gate. This leaves 16 product terms per pair of macro- 
cells to be divided between the sum-of-product inputs to 
the two state registers. The following table shows the I/O 
pin pairing for shared inputs, and the product term 
(P-Term) allocation to macrocells associated with the I/O 
pins. 

Table 2 


Macrocell 

Pin Number 

Product Terms 

0 

28 

4 

1 

27 

12 

2 

26 

6 

3 

25 

10 

4 

24 

8 

5 

23 

8 

6 

20 

8 

7 

19 

8 

8 

18 

10 

9 

17 

6 

10 

16 

12 

11 

15 

4 


The CY7C331 is configured by three arrays of configura- 
tion bits (CO, Cl, C2). For each macrocell, there is one CO 
bit and one Cl bit. For each pair of macrocells, there is one 
C2 bit. 

There are 12 CO bits. If CO is programmed for a macrocell, 
then the tristate enable (OE) will be controlled by pin 14 
(the global OE). If CO is not programmed, then the OE 
product term for that macrocell will be used. 

There is one Cl bit for each macrocell. The Cl bit selects 
input for the product term (PT) array from either the state 
register (if the bit is unprogrammed) or the input register. 
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I/O Resources (Continued) 

There are 6 C2 bits, providing one C2 bit for each pair of 
macrocells. The C2 bit controls the shared input Multi- 
plexer (Mux); if the C2 bit is not programmed, then the 
input to the product term array comes from the upper mac- 
rocell (A). If the C2 bit is programmed, then the input 
comes from the lower macrocell (B). 


CY7C331 


The timing diagrams for the CY7C331 cover state register, 
input register, and various combinational delays. Since in- 
ternal clocks are the outputs of product terms, all timing is 
from the transition of inputs causing the clock transition. 


Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 

Storage Temperature — 65°C to + 150°C Latchup Current > 200 mA 

Ambient Temperature with DC Programming Voltage 13.0V 

Power Applied — 55°C to + 125°C 

Supply Voltage to Group Potential 
(Pin 22 to Pins 8 or 21) -0.5V to + 7.0V 

DC Input Voltage -3.0V to + 7.0V 

Output Current into Outputs (Low) 12 mA 

Static Discharge Voltage >200 IV 

(per MIL-STD-883 Method 3015) 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to +75°C 

5V ± 10% 

Military t 5 ! 

— 55°C to +125°C 

5V ± 10% 



Electrical Characteristics Over the Operating Range! 6 ] 


Parameters 

Description 

Test Conditions 

Min. 

Max. 

Units 

VoH 

Output HIGH Voltage 

Vcc = Min., 

Vin = ViRor Vil 

Ioh = —3.2 mA 

Commercial 

D 

■ 


Ioh = — 2 mA 

Military 

VOL 

Output LOW Voltage 

Vcc = Min., 

Vin = Vih or Vil 

Iol = 12 mA 

Commercial 


0.5 

D 

Iql = 8 mA 

Military 

VlH 

Input HIGH Level 

Guaranteed HIGH Input, all Inputs I'l 

2.2 



VlL 

Input LOW Level 

Guaranteed LOW Input, all Inputs M 


0.8 

V 

Iix 

Input Leakage Current 

Vss < Vin < Vcc. < Vcc = Max. 

-10 

10 

juA 

loz 

Output Leakage Current 

Vcc = Max., Vss < Vout < Vcc 

-40 

40 

juA 

Isc 

Output Short Circuit Current 

Vcc = Max., Vout = 0.5Vfel 

-30 

-90 

mA 

loci 

Standby Power Supply 

Current 

Vcc = Max., Vin = GND, 

Outputs Open 

Commercial (-20) 


130 

mA 

Commercial 


120 

mA 

Military (-25) 


160 

mA 

Military 


150 

mA 

ICC2 

Power Supply Current 
at Frequency! 19 ] 

Vcc = Max. 

Outputs Disabled (in HIGH Z State) 
Device Operating at fMAX 

External (fMAXl) 

Commercial 


180 

mA 

Military 


200 

mA 


Capacitance 


Parameters 

Description 

Test Conditions 

Min. 

Max. 

Units 

ClN 

Input Capacitance 

Vin = 2.0V @ f = 1 MHz 


7 

pF 

CoUT 

Output Capacitance 

Vout — 2.0V @ f = 1 MHz 


8 


Notes: 


1. These are absolute values with respect to device ground and all over- 
shoots due to system or tester noise are included. 

2. Not more than one output should be tested at a time. Duration of the 
short circuit should not be more than one second. Vout = 0.5V has 
been chosen to avoid test problems caused by tester ground degrada- 
tion. 

3. Tested initially and after any design or process changes that may 
affect these parameters. 


4. Figure 3a test load used for all parameters except tpzxi. tpxzi, tpzx 
and tpxz- Figure 3b test load for tpzxi , tpxzi. tpzx and tpxz- Figure 
3c shows test waveforms and measurement levels. 

5. Ta is the “instant on” case temperature. 

6. See the last page of this specification for Group A subgroup testing 
information. 
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Switching Characteristics! 6 ] 


CY7C331 


Parameters 

Description 

tPD 

Input to Output Propagation Delay! 7 ! 

tico 

Input Register Clock to Output Delay !*! 

tlOH 

Output Data Stable Time from Input Clock! 8 ! 

tis 

Input or Feedback Setup Time 
to Input Register Clock !*! 

tlH 

Input Register Hold Time from Input Clock! 8 ! 

tlAR 

Input to Input Register 

Asynchronous Reset Delay! 8 ! 

tlRW 

Input Register Reset Width!*! 

tlRR 

Input Register Reset Recovery Time!*! 

tlAS 

Input to Input Register 

Asynchronous Set Delay! 8 ! 

tisw 

Input Register Set Width !*! 

tlSR 

Input Register Set Recovery Time!*! 

tWH 

Input & Output Clock Width High! 8 . 9 . 12 ! 

tWL 

Input & Output Clock Width Low!*- 9 > 12 1 

fMAXl 

Maximum Frequency with Feedback in Input 

Registered Mode (l/(tico + t[s))! |8 l 

fMAX2 

Maximum Frequency Data Path in Input 

Registered Mode (Lower of 1/tico. l/(tWH + twL) or 
l/(tis + tm))! 8] 


Output Data Stable from Input 

Clock Minus Input Register Input Hold 

Time for 7C330 and 7C332H5, l 8 ! 

tco 

Output Register Clock to Output Delay! 9 ! 

tOH 

Output Data Stable Time from Output Clock! 9 ! 

ts 

Output Register Input Set Up Time to 

Output Clock! 9 ! 

tH 

Output Register Input Hold Time from 

Output Clock! 9 ! 

tOAR 

Input to Output Register 

Asynchronous Reset Delay! 9 ! 

tORW 

Output Register Reset Width! 9 ! 

tORR 

Output Register Reset Recovery Time! 9 ! 

tO AS 

Input to Output Register 

Asynchronous Set Delay £ 9 1 

tosw 

Output Register Set Width! 9 ! 

tOSR 

Output Register Set Recovery Time! 9 ! 

tEA 

Input to Output Enable Delay ! 4 > *°! 

tER 

Input to Output Disable Delay! 4 - ip! 

tpzx 

Pin 14 to Output Enable Delay! 4 . 10 ! 

tpxz 

Pin 14 to Output Disable Delay! 4 . 1°! 


Maximum Frequency with Feedback in Output 
Registered Mode (l/(tco + ts))! 14 > 17 ! 

f|VIAX4 

Max. Frequency Data Path in Output Registered Mode 
(Lower of 1 /tco. l/(twH + twL) or l/(ts + tn))! 9 ! 

tOH- 
tiH 33X 

Output Data Stable from Output 

Clock Minus Input Register Input Hold 

Time for 7C330 and 7C332H6, 18] 

fMAX5 

Maximum Frequency Pipelined Mode! 12 . 17] 


Commercial 

"-20 I -25 1 ^35 

















































































































































































>Jotes: 

7. Refer to Figure 5 configuration 1. 

8. Refer to Figure 5 configuration 2. 

9. Refer to Figure 5 configuration 3. 

0. Refer to Figure 5 configuration 4. 

1. Refer to Figure 5 configuration 5. 

2. Refer to Figure 5 configuration 6. 
.3. Refer to Figure 6 configuration 7. 
.4. Refer to Figure 6 configuration 8. 

15. Refer to Figure 7 configuration 9. 

16. Refer to Figure 7 configuration 10. 


17. This specification is intended to guarantee that a state machine con- 
figuration created with internal or external feedback can be operated 
with output register and input register clocks controlled by the same 
source. These parameters are tested by periodic sampling of produc- 
tion product. 

18. This specification is intended to guarantee interface compatibility of 
the other members of the CY7C330 family with the CY7C33 1 . This 
specification is met for the devices noted operating at the same ambi- 
ent temperature and at the same power supply voltage. These param- 
eters are tested periodically by sampling of production product. 


4C Test Loads and Waveforms 




Figure 3c. Test Waveforms and Measurement Levels 
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OE PRODUCT 
TERM INPUT [10, 191 


Notes: 


PIN 14 AS OEM II 


OUTPUT 


OUTPUT 
REGISTER 
RESET INPUT [9,1 9] 

OUTPUT 
REGISTER 
CLOCK [9,1 9] 

OUTPUT 
REGISTER 
SET INPUT [9, 19] 


I/O INPUT 
REGISTER 
RESET INPUT [8,1 9] 

I/O INPUT 
REGISTER 
CLOCK [8, 19] 

I/O INPUT 
REGISTER 
SET INPUT [8, 19] 
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19. Because these input signals are controlled by product terms, active 
input polarity may be of either polarity. Internal active input polarity 
has been shown for clarity. 

20. Output register is set in Transparent Mode. Output register Set and 
Reset inputs are in a HIGH state. 

21. Dedicated input or input register set in Transparent Mode. Input 
register Set and Reset inputs are in a HIGH state. 

22. Combinatorial Mode. Reset and Set inputs of the input and output 
registers should remain in a HIGH state at least until the output 
responds at tpo- When returning Set and Reset inputs to a LOW 
state, one of these signals should go LOW a MINIMUM of tosR (Set 
input) or toRR (Reset input) prior to the other. This guarantees 
predictable register states upon exit from Combinatorial Mode. 


23. When entering the Combinatorial Mode, input and output register 
Set and Reset inputs must be stable in a HIGH state a MINIMUM 
of tisR or tiRR and tosR or toRR respectively prior to application of 
logic input signals. 

24. When returning to the input and/or output Registered Mode, regis- 
ter Set and Reset inputs must be stable in a LOW state a 
MINIMUM of t^R or tiRR and tosR or toRR respectively prior to 
the application of the register clock input. 
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CONFIGURATION 1 



INPUT OR I/O PIN 




PRODUCT 

TERM 

ARRAY 
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CONFIGURATION 2 



CONFIGURATION 3 
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CONFIGURATION 4 


INPUT OR I/ O PIN 

ra 


■te 


INPUT OR I/O PIN 


■te 


PRODUCT 

TERM 

ARRAY 


OUTPUT ENABLE 

£l>o — — -0 

I/O PIN 
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CONFIGURATION 5 



INPUT OR I/ O PIN 

0— Dg 

INPUT OR I/O PIN 


PRODUCT 

TERM 

ARRAY 


OUTPUT ENABLE 



PIN 


I/O PIN 
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CONFIGURATION 6 



Figure 5. Timing Configurations 
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0 8 1 6 24 32 40 48 56 



TO LOWER SECTION 
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CY7C331 Logic Diagram (Upper Half) 
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Ordering Information 


Icci 

(mA) 

tpD 

(ns) 

ts 

(ns) 

tco 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

130 

20 

12 

20 

CY7C331-20PC 

P21 

Commercial 





CY7C331-20WC 

W22 






CY7C331-20JC 

J64 






CY7C331-20HC 

H64 


160 

25 

15 

25 

CY7C33 1-25DMB 

D22 

Military 





CY7C33 1-25 WMB 

W22 






CY7C33 1-25HMB 

H64 






CY7C33 1-25LMB 

L64 






CY7C33 1-25TMB 

T74 






CY7C331-25QMB 

Q64 


120 

25 

12 

25 

CY7C331-25PC 

P21 

Commercial 





CY7C331-25WC 

W22 






CY7C331-25JC 

J64 






CY7C331-25HC 

H64 


150 

30 

15 

30 

CY7C33 1-30DMB 

D22 

Military 





CY7C33 1-30WMB 

W22 






CY7C331-30HMB 

H64 






CY7C33 1-30LMB 

L64 






CY7C33 1-30TMB 

T74 






CY7C33 1-30QMB 

Q64 


120 

35 

15 

35 

CY7C331-35PC 

P21 

Commercial 





CY7C331-35WC 

W22 






CY7C331-35JC 

J64 






CY7C331-35HC 

H64 


150 

40 

20 

40 

CY7C331-40DMB 

D22 

Military 





CY7C33 1 -40WMB 

W22 






CY7C33 1-40HMB 

H64 






CY7C33 1-40LMB 

L64 






CY7C331-40TMB 

T74 






CY7C33 1-40QMB 

Q64 




4-111 






















































































CYPRESS 

SEMICONDUCTOR 


CY7C331 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 


Parameters 

Subgroups 

VOH 

1,2,3 

VOL 

1,2,3 

VlH 

1,2,3 

VlL 

1,2,3 

Iix 

1,2,3 

loz 

1,2,3 

Icci 

1,2,3 


Switching Characteristics 


Parameters 

Subgroups 

tis 

7,8,9,10,11 

tlH 

7,8,9,10,11 

tWH 

7,8,9,10,11 

tWL 

7,8,9,10,11 

tco 

7,8,9,10,11 

tPD 

7,8,9,10,11 

tlAR 

7,8,9,10,11 

tlAS 

7,8,9,10,11 

tpxz 

7,8,9,10,11 

tpzx 

7,8,9,10,11 

tER 

7,8,9,10,11 

tEA 

7,8,9,10,11 

ts 

7,8,9,10,11 

tH 

7,8,9,10,11 
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CYPRESS 
SEMICONDUCTOR 


Registered Combinatorial 

EPLD 


Features 

• 12 I/O macroceils each having: 
— Registered, latched, or 

transparent array input 
— A choice of two clock sources 
— Global or local output enable 
(OE) 

— Up to 19 product terms (PT) 
per output 

— Product term (PT) output 
polarity control 

• 192 product terms with variable 
distribution to macrocells 

— An average of 14 PT’s per 
macrocell sum node 
— Up to 19 PT’s maximum for 
select nodes 

• 2 clock inputs with configurable 
polarity control 


• 13 input macrocells, each having: 
— Complementary input 

— Register, latch, or transparent 
access 

— Two clock sources 

• 20 ns max. delay 

• Low power 

— 120 mA typical Ice quiescent 

— 180 mA max. 

— Power saving “Miser Bit” 
feature 

• Security fuse 

• 28 pin slim-line package; also 
available in 28 pin PLC 

• UV-Eraseable and 
reprogrammable 

• Programming and operation 
100% testable 


Product Characteristics 

The CY7C332 is a versatile combinato- 
rial PLD with I/O registers onboard. 
There are 25 array inputs; each has a 
macrocell which may be configured as 
a register, latch or simple buffer. Out- 
puts have polarity and tristate control 
product terms. The allocation of prod- 
uct terms to I/O macrocells is varied so 
that functions of up to 19 product 
terms can be accommodated. 

I/O Resources 



Pins 1 through 7 and 9 through 14 
function as dedicated array inputs. Pins 
1 and 2 function as input clocks as well 
as normal inputs. Pin 14 functions as a 
global output enable as well as a nor- 
mal input. 


Block Diagram and Pinout 


0E/l2 *11 bo ! 9 *8 *7 V SS ! 6 *5 U *3 ( 2 1 1 /CK2 l 0 /CK1 


rrrrrrrrrrrrrr 


m 

■aiiMmaiaM 

Ml IftHHIfl 

9 19 11 1 

PROGRAMMABLE AND ARRAY 
(192x50) 

7 13 15 15 13 17 11 19 9 

U| 

HVH 

haii 

inaSiiiiii 

if if if if if if y t Y if if if 


RHRRDJlUliiJlUliiJliiJliijRlUR 


•/On 'Abo */Og I/Os */®7 i/o 6 v ss v cc i/o 5 i/o 4 i/o 3 i/o 2 i/o, i/o 0 

0134-1 


LCC and PLCC Pinout 


i 5 d e 
'6 
v ssC 

l 7 C 
•s f= 

I 9 C 


s.s o o o 

.nnnnnnn 

4 3 2 ' 1 '28 27 26 


25 UI/O 3 
24 UI/0 4 
23 DI/0 5 
22 HV CC 
21 HV SS 
20 □l/0 6 


12131415161718 

uuuuuuu 


19 t|l/0 7 
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Selection Guide 


Generic 

Part Number 

Icci mA 

tlCO/tPD ns 

tis ns 

Com 

Mil 

Com 

Mil 

Com 

Mil 

7C332-15 

130 


18/15 


3 


7C332-20 

120 

160 

20 

23/20 

3 

4 

7C332-25 

120 

150 

25 

25 

3 

4 

7C332-30 


150 


30 


4 
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CYPRESS 

SEMICONDUCTOR 


CY7C332 


I/O Resources (Continued) 


,D — f)E>< 


PIN2 


Figure 1. CK1 and CK2 

Pins 15 through 20 and 23 through 28 are connected to 
I/O macrocells and may be combinatorial outputs as well 
as registered or direct inputs. 

Input Macrocell 




Figure 2. Input Macrocell 


0134-4 


C3 

C2 

Cl 

CO 

Input Register Option 

X 

X 

0 

0 

Combinatorial 

X 

X 

0 

1 

Illegal 

0 

0 

1 

1 

Registered, CLK1, Rising Edge 

0 

1 

1 

1 

Registered, CLK2, Rising Edge 

1 

0 

1 

1 

Registered, CLK1, Fallling Edge 

1 

1 

1 

1 

Registered, CLK2, Falling Edge 

0 

0 

1 

0 

Latched, CLK1, High Asserted 

0 

1 

1 

0 

Latched, CLK2, High Asserted 

1 

0 

1 

0 

Latched, CLK1, Low Asserted 

1 

1 

1 


Latched, CLK2, Low Asserted 


There are 13 input macrocells, corresponding to pins 1 
through 7 and 9 through 14. Each macrocell has a clock 
which is selected to come from either pin 1 or pin 2 by 
configuration bit C2. Pins 1 and 2 are clocks as well as 
normal inputs. There is no C2 configuration bit for either 
of these two input macrocells. Macrocells connected to 
pins 1 and 2 do not have a clock choice, but each has a 
clock coming from the other pin. 

Each input macrocell can be configured as a register, latch 
or a simple buffer (transparent path) to the product term 
array. For a register the configuration bit, CO, is 1 (pro- 
grammed) and Cl is 1. For a Latch, CO is 0 and Cl is 1. If 
both CO and Cl are 0 (unprogrammed) then the macrocell 
is completely transparent. 

Configuration bit C3 determines the clock edge on which 
the register is triggered or the polarity for which the latch 
is asserted. This clock polarity can be programmed inde- 
pendently for each input register. These configuration op- 
tions are available on all inputs, including those in the I/O 
macrocell. 

If C3 is 0 (unprogrammed), the clock will be rising edge 
triggered (register mode) or high asserted (latch mode). 


If C3 is 1 (programmed), the clock will be falling edge 
triggered (register mode) or low asserted (latch mode). 

I/O Macrocell 

There are 12 I/O macrocells corresponding to pins 15 
through 20 and 23 through 28. Each macrocell has a tri- 
state output control, an XOR product term to dynamically 
control polarity, and a configureable feedback path. 

For each I/O macrocell, the tristate control for the output 
may be configured two ways. If the configuration bit, C4, is 
a 1 (programmed), then the global OE signal is selected. 
Otherwise, the OE product term is used. 

For each I/O macrocell, the input/feedback path may be 
configured as a register, latch, or shunt. There are two 
configuration bits per I/O macrocell which configure the 
feedback path. These are programmed in the same way as 
for the input macrocells. 

For each I/O macrocell, the input register clock (or Latch 
Enable) which is used for the input/feedback path may be 
selected as pin 1 (select bit, C2, not programmed) or pin 2 
(select bit, C2, programmed). 

Array Allocation to Output Macrocell 

The number of product terms in each output macrocell 
sum is position dependent. The table below summarizes the 
allocation: 


Table 1 


Macrocell 

Pin Number 

Product Terms 

0 

28 

9 

1 

27 

19 

2 

26 

11 

3 

25 

17 

4 

24 

13 

5 

23 

15 

6 

20 

15 

7 

19 

13 

8 

18 

17 

9 

17 

11 

10 

16 

19 

11 

15 

9 



Figure 3. I/O Macrocell 
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Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 

Storage Temperature — 65°C to + 150°C 

Ambient Temperature with 


Power Applied — 55°C to + 125°C 

Supply Voltage to Ground Potential 

(Pin 22 to Pins 8 and 21) -0.5V to + 7.0V 

DC Input Voltage —3.0V to + 7.0V 

Output Current into Outputs (Low) 12 mA 

Static Discharge Voltage > 2001V 

(per MIL-STD-883, Method 3015) 


Electrical Characteristics Over the Operating Range 


Latch-up Current > 200 mA 

DC Programming Voltage 13.0V 

Operating Range 


DC Programming Voltage 13.0V 

Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to +75°C 

5V ± 10% 

Military I 5 ! 

— 55°C to + 125°C 

5V ± 10% 


Parameter 

Description 

Test Conditions 

Min. 

Max. 

Units 

VoH 

Output HIGH Voltage 

Vcc = Min., 

Vin = Vmor Vil 

Ioh — — 3.2 mA 

Commercial 


■ 

V 

Ioh = — 2 mA 

Military 

VoL 

Output LOW Voltage 

Vcc = Min., 

Vin = Vih or Vil 

Iol = 12 mA 

Commercial 

■ 

0.5 

V 

Iql = 8 mA 

Military 

VlH 

Input LOW Level 

Guaranteed HIGH Input, all Inputs!'! 

2.2 


V 

VlL 

Input LOW Level 

Guaranteed LOW Input, all Inputs! 1 ! 


0.8 

V 

Iix 

Input Leakage Current 

v ss < Vin < Vcc. Vcc = Max. 

-10 

10 

juA 

Ioz 

Output Leakage Current 

Vcc - Max., Vss < Vout < Vcc 

-40 

40 

juA 

isc 

Output Short Circuit Current 

Vcc = Max., Vqut = 0.5V! 2 ! 

-30 

-90 

mA 

Icci 

Standby Power Supply 

Current 

Vcc = Max-, Vin = GND 

Outputs Open 

Commercial 


120 

mA 

Commercial -15 


130 

mA 

Military 


150 

mA 

Military -20 


160 

mA 

ICC2 

Power Supply Current 
at Frequency! 6 - 8 ! 

Vcc = Max. 

Outputs Disabled (In High Z State) 
Device Operating at fMAX 

External ((maxi) 

Commercial 


180 

mA 

Military 


200 

mA 



Capacitance ^ 


Parameters 

Description 

Test Conditions 

Min. 

Max. 

Units 

Qn 

Input Capacitance 

Vin = 2.0V @ f = 1 MHz 


7 

pF 

CqUT 

Output Capacitance 

Vout = 2.0V @ f = 1 MHz 


8 


Notes: 


1. These are absolute values with respect to device ground and all over- 
shoots due to system or tester noise are included. 

2. Not more than one output should be tested at a time. Duration of the 
short circuit should not be more than one second. Vout = 0.5V has 
been chosen to avoid test problems caused by tester ground degrada- 
tion. 


3. Tested initially and after any design or process changes that may 
affect these parameters. 

4. Figure 4a test load used for all parameters except tgA. tER> tpzx and 
tpxz- Figure 4b test load for tgA, tER> tpzx> tpxz- Figure 4c shows 
test waveforms and measurement reference levels. 

5. Ta is the “instant on” case temperature. 

6. Tested by periodic sampling of production product. 
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SEMICONDUCTO? 


CY7C332 


Switching Characteristics Over the Operating Ranged) 


Description 


Input to Output Propagation Delay! 7 ! 


Input Register Clock to Output Delay! 8 ! 


Input or Feedback Setup Time 
to Input Register Clock! 8 ! 


Input Register Hold Time! 8 ! 


Input to Output Enable Delay! 4 - 9 ! 


Input to Output Disable Delay t 4 > 9 ! 


Pin 14 Enable to Output Enable Delay t 4 > 10] 


Pin 14 Disable to Output Disable Delay! 4 . 10] 


Input Clock Width High! 6 - 8 ! 


Input Clock Width Low! 6 - 8 ! 


Output Data Stable Time from 
Input Register Clock Input! 8 - 14] 


Output Data Stable Time This Device Minus 
I/P Reg Hold Time Same Device!! 1> 12, 14] 


Output Data Stable Time Minus I/P Reg 
Hold Time 7C330 & 7C332 Device! >3, 14] 


External Clock Period (tico + tis)! 8 ! 


Maximum External Operating 

Frequency (l/(tico + tis))! 8 ! 


Maximum Frequency Data Path! 8 ! 


Figure 6 configuration 1. 
Figure 6 configuration 2. 
Figure 6 configuration 3. 
Figure 6 configuration 4. 
Figure 6 configuration 5. 



Commercial 

Military 

1 -15fl4] 

-20 

-25 

-20 [!4] 

-25 

-30 




fMAX2 


Notes: 

7. Refer to 

8. Refer to 

9. Refer to 

10. Refer to 

11. Refer to 
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ns 
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ra 








ra 


ra 
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ra 


ra 
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ra 
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ra 


ra 


ra 


ra 


ra 



9 
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ra 


ra 

M 

ra 


ra 



3 


3 


3 


3 

IDIDN 

ns 

i 

0 


0 


0 


0 


0 


0 


ns 

0 


0 


0 


0 


0 


o 


ns 

ra 


ra 


ra 




ra 


ra 



47.6 


43.4 


35.7 


37 


34.4 


29.4 


MHz 















12. This specification is intended to guarantee that configuration 5 of 
Figure 6 with input registered feedback can be operated with all 
input register clocks controlled by the same source. These parame- 
ters are tested by periodic sampling of production product. 

13. This specification is intended to guarantee interface compatibility of 
the other members of the CY7C330 family with the CY7C332. This 
specification is met for the devices noted operating at the same ambi- 
ent temperature and at the same power supply voltage. These param- 
eters are tested periodically by sampling of production product. 

14. Preliminary specifications. 


Switching Waveforms 


INPUT 
OR 1/01151 


INPUT 
CLOCK 11 61 



Notes: 

15. Because OE can be controlled by the OE product term, input signal 
polarity for control of OE can be of either polarity. Internally the 
product term OE signal is active high. 


16. Since the input register clock polarity is programmable, the input 
clock may be rising or falling edge triggered. 
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AC Test Loads and Waveforms (Commercial) 


5V O 
OUTPUT O 


50 pF 


INCLUDING 

JIG AND - 
SCOPE 



5V O 
OUTPUT O 
R2 

208X1 5 pF 

(319X1 MIL) 



INPUT PULSES 


90% 

10 % 


Figure 4a Figure 4b 

Equivalent to: THfiVENIN EQUIVALENT (Commercial) 
125X1 

OUTPUT O— - V W O 2.00V = V thc 


£ 5 ns 

Figure 5. Input Pulses 


Equivalent to: THEVENIN EQUIVALENT (Military) 
190X1 

OUTPUT O -- VW - O 2.02V = V thm 


0134-9 WAl 


Parameter 


Vx 


Output Waveform — Measurement Level 


tpxz(-) 


1.5V 


0.5V 




t 



x 0134-12 

tpxz ( + ) 

2.6V 


V X 

vol 

■* 0134-13 

tpzx ( + ) 

Vthc 

J L 



0.5V 


tpzx(-) 


Vthc 


0.5V 




t ^ 

1 — 

u 0134-15 

tER(-) 

1.5V 

V ° H 0.5V V 

— 

t 

x 0134-12 

tER( + ) 

2.6V 

J 

u— - — v * 


tEA( + ) 


Vthc 


0.5V 

T 


tEA(-) 


Vthc 


0.5V 


T 


Figure 4c. Test Waveforms and Measurement Levels 
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CONFIGURATION 1 


PIN 


INPUT OR I/O PIN 



PRODUCT 

TERM 

ARRAY 




I/O PIN 


INPUT REGISTER 


CONFIGURATION 2 I PIN 


INPUT OR I/O PIN 


A 




PRODUCT 

TERM 

ARRAY 



CLOCK 1 OR 2 


CONFIGURATION 3 


INPUT OR I/O PIN 






PRODUCT 

TERM 

ARRAY 

■ 

S-. 






OUTPUT ENABLE 


I/O PIN 


CONFIGURATION 4 


INPUT OR I/O PIN 




PRODUCT 

TERM 

ARRAY 


OUTPUT ENABLE 

O — 0 

I/O PIN 


0134-11 


DATA 

INPUT 


CONFIGURATION 5 


DATA 

OUTPUT 



CLOCK 1 OR 2 


Figure 6. Timing Configurations 
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Ordering Information 


Icci (max) 

tlCO/tPD (ns) 

tis (ns) 

tin (ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

120 

18/15 

3 

3 

CY7C332-15PC 

P21 

Commercial 





CY7C332-15WC 

W22 






CY7C332-15JC 

J64 






CY7C332-15HC 

H64 


120 

20 

3 

3 

CY7C332-20PC 

P21 

Commercial 





CY7C332-20WC 

W22 






CY7C332-20JC 

J64 






CY7C332-20HC 

H64 


160 

23/20 

4 

4 

CY7C332-20DMB 

D22 

Military 





CY7C332-20WMB 

W22 






CY7C332-20HMB 

H64 






CY7C332-20LMB 

L64 






CY7C332-20TMB 

T74 






CY7C332-20QMB 

Q64 


120 

25 

3 

3 

CY7C332-25PC 

P21 

Commercial 





CY7C332-25WC 

W22 






CY7C332-25JC 

J64 






CY7C332-25HC 

H64 


150 

25 

4 

4 

CY7C332-25DMB 


Military 





CY7C332-25WMB 







CY7C332-25HMB 

H64 






CY7C332-25LMB 

L64 






CY7C332-25TMB 

T74 






CY7C332-25QMB 

Q64 


150 

30 

4 

4 

CY7C332-30DMB 

D22 

Military 





CY7C332-30WMB 

W22 






CY7C332-30HMB 

H64 






CY7C332-30LMB 

L64 






CY7C332-30TMB 

T74 






CY7C332-30QMB 

Q64 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 

Subgroups 

VOH 

1,2,3 

VOL 

1,2,3 

VlH 

1,2,3 

VlL 

1,2,3 

Iix 

1,2,3 

loz 

1,2,3 

Icci 

1,2,3 


CY7C332 


Switching Characteristics 


Parameters 

Subgroups 

tis 

7,8,9,10,11 

tlH 

7,8,9,10,11 

tWH 

7,8,9,10,11 

tWL 

7,8,9,10,11 

tico 

7,8,9,10,11 

tPD 

7,8,9,10,11 

tpxz 

7,8,9,10,11 

tpzx 

7,8,9,10,11 

tER 

7,8,9,10,11 

tEA 

7,8,9,10,11 


Document #: 38-00067-C 
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ADVANCED INFORMATION CY7C336 


SEMICONDUCTOR 


6-ns BiCMOS PAL® 
with Input Registers 


Features 

• Very high performance address 
decoder 

— tco = 6 ns 

— fMAX = 125 MHz 

• 12 input registers 

• 8 outputs 

• 2 product terms per output 

• Asynchronous output enable 

• Advanced BiCMOS technology 

• Available in 28-pin 300-mil 
PDIP and CERDIP, and in 
PLCC and LCC packages 


Functional Description 

The CY7C336 is a 6-ns address decod- 
er specially designed to interface with 
high-performance RISC processors and 
fast state machines. Twelve input regis- 
ters capture data at the rising edge of 
the clock signal and forward the infor- 
mation to the 24 by 16 programmable 
array. 

Each of the eight outputs has two prod- 
uct terms, one of which is used to en- 


able the inverting buffer associated 
with the respective output. In addition, 
all outputs can be placed in a tri-stated 
condition via an output enable signal. 

Six centrally located power pins are as- 
signed to the CY7C336 to improve 
noise margins. A wide variety of pack- 
age types including 28-pin 300-mil 
plastic and ceramic DIPs, LCCs, and 
PLCCs will be available. 



Logic Block Diagram 



OUTPUTS 


0179-1 


PAL® is a registered trademark of Monolithic Memories, Inc. 


Document #: 38-00134 
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AD VANCED INFORMA TION C Y7C337 


SEMICONDUCTOR 


7-ns PAL® with 
Input Registers 


Features 

• Very high performance 
programmable logic device for 
high-speed interface circuits 

— tco = 7 ns 

- fMAX = HI MHz 

• 12 input registers 

• 8 outputs 

• 4 product terms per output 

• Asynchronous output enable 

• Advanced BiCMOS technology 

• Available in 28-pin 300-mil 
PDIP and CERDIP, and in 
PLCC and LCC packages 


Functional Description 

The CY7C337 is a 7-ns programmable 
logic device specially designed to inter- 
face with high-performance RISC 
processors and fast state machines. 
Twelve input registers capture data at 
the rising edge of the clock signal and 
forward the information to the 24 by 
32 programmable array. 

Each of the eight outputs has four 
product terms to support functions 


which require higher degrees of logic 
complexity. All outputs can be placed 
in a tri-stated condition via an output 
enable signal. 

Six centrally located power pins are as- 
signed to the CY7C337 to improve 
noise margins. A wide variety of pack- 
age types including 28-pin 300-mil 
plastic and ceramic DIPs, LCCs, and 
PLCCs will be available. 


Logic Block Diagram 



PAL® is a registered trademark of Monolithic Memories, Inc. 

Document #: 38-00139 
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ADVANCED INFORMATION CY7C338 


CYPRESS 
SEMICONDUCTOR 


6-ns BiCMOS PAL® 
with Output Latches 


Features 

• Very high performance address 
decoder with latched outputs 

— tpD = 6 ns 

— tLO = 5.5 ns 

• 12 inputs 

• 8 latched outputs 

• 2 product terms per output 

• Asynchronous output enable 

• Advanced BiCMOS technology 

• Available in 28-pin 300-mil 
PDIP and CERDIP, and in 
PLCC and LCC packages 


Functional Description 

The CY7C338 is a 6-ns programmable 
logic device specially designed to inter- 
face with high-performance general- 
purpose processors and fast state ma- 
chines. Data presented at the eight in- 
puts are processed by the 24 by 16 pro- 
grammable array and delivered to eight 
output latches. 

Each of the eight outputs has two prod- 
uct terms, one of which is used to en- 
able the inverting buffer associated 
with the respective output. In addition, 
all outputs can be placed in a tri-stated 
condition via an output enable signal. 


The output latches are controlled by 
the Latch Enable (LE) input. The 
latches are transparent as long as LE is 
HIGH; latch contents are frozen on the 
HIGH to LOW transition of the LE 
signal. 

Six centrally located power pins are as- 
signed to the CY7C338 to improve 
noise margins. A wide variety of pack- 
age types including 28-pin 300-mil 
plastic and ceramic DIPs, LCCs, and 
PLCCs will be available. 



Logic Block Diagram 



PAL® is a registered trademark of Monolithic Memories, Inc. 

Document #: 38-00133 
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7-ns BiCMOS PAL® 
with Output Latches 


Features 

• Very high performance 
programmable logic device for 
high-speed interface circuits 

— tpD = 7 ns 

— tLO = 5.5 ns 

• 12 inputs 

• 8 latched outputs 

• 4 product terms per output 

• Asynchronous output enable 

• Advanced BiCMOS technology 

• Available in 28-pin 300-mil 
PDIP and CERDIP, and in 
PLCC and LCC packages 


Functional Description 

The CY7C339 is a 7-ns programmable 
logic device specially designed to inter- 
face with high-performance general- 
purpose processors and fast state ma- 
chines. Data presented at the twelve in- 
puts are processed by the 24 by 32 pro- 
grammable array and delivered to eight 
output latches. 

Each of the eight outputs has four 
product terms to support functions 
which require higher degrees of logic 
complexity. All outputs can be placed 
in a tri-stated condition via an output 
enable signal. 


The output latches are controlled by 
the Latch Enable (LE) input. The 
latches are transparent as long as LE is 
HIGH; latch contents are frozen on the 
HIGH to LOW transition of the LE 
signal. 

Six centrally located power pins are as- 
signed to the CY7C339 to improve 
noise margins. A wide variety of pack- 
age types including 28-pin 300-mil 
plastic and ceramic DIPs, LCCs, and 
PLCCs will be available. 


Logic Block Diagram 



PAL® is a registered trademark of Monolithic Memories, Inc. 

Document #: 38-00138 
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PRELIMINARY 


CY7C340 
EPLD Family 


Multiple Array Matrix 
High Density EPLDs 


Features 

• Erasable, user-configurable 
CMOS EPLDs capable of 
implementing high density 
custom logic functions 

• Advanced 0.8 micron double- 
metal CMOS EPROM 
technology 

• Multiple Array Matrix 
Architecture optimized for speed, 
density and straightforward 
design implementation 

— Typical clock frequency = 

50 MHz 

— Programmable Interconnect 
Array (PIA) simplifies 
routing 

— Flexible Macrocells increase 
utilization 

— Programmable clock control 
— Expander product terms 
implement complex logic 
functions 

• MAX + PLUSTM development 
system eases design 

— Runs on IBM PC/ATTM and 
compatible machines 
— Hierarchical schematic 

capture with 7400 series TTL 
and custom Macrofunctions 
— State machine and Boolean 
entry 

— Graphical delay path 
calculator 

— Automatic error location 
— Timing simulation 
— Graphical interactive entry of 
waveforms 


General Description 

The Cypress Multiple Array Matrix 
(MAX T M) family of EPLDs provides a 
user-configurable, high-density solu- 
tion to general purpose logic integra- 
tion requirements. With the combina- 
tion of innovative architecture and 
state of the art process, the MAX 
EPLDs offer LSI density, without sac- 
rificing speed. 

The MAX architecture makes it ideal 
for replacing large amounts of TTL SSI 
and MSI logic. For example, a 74161 
counter utilizes only 3% of the 128 
Macrocells available in the CY7C342. 
Similarly, a 74151 8 to 1 multiplexer 
consumes less than one percent of the 
over 1,000 product terms in the 
CY7C342. This allows the designer to 
replace 50 or more TTL packages with 
just one MAX EPLD. The family 
comes in a range of densities, shown 
below. By standardizing on a few 
MAX building blocks, the designer can 
replace hundreds of different 7400 se- 
ries part numbers currently used in 
most digital systems. 

The family is based on an architecture 
of flexible Macrocells grouped together 
into Logic Array Blocks (LABs). With- 
in the LAB is a group of additional 
product terms called Expander Prod- 
uct Terms. These Expanders are used 
and shared by the Macrocells, allowing 
complex functions, up to 35 product 
terms, to be easily implemented in a 
single Macrocell. A Programmable In- 
terconnect Array (PIA) globally 


routes all signals within devices con- 
taining more than one LAB. This ar- 
chitecture is fabricated on the Cypress 
advanced 0. 8 micron double layer met- 
al CMOS EPROM process, yielding 
devices with significantly higher inte- 
gration density and system clock speed 
than the largest of previous generation 
EPLDs. 

The density and flexibility of the 
CY7C340 family is accessed using the 
MAX + PLUS development system. A 
PC based design system, 

MAX + PLUS is optimized specifically 
for the CY7C340 family architecture, 
providing efficient design processing. A 
hierarchical schematic entry mecha- 
nism is used to capture the design. 

State Machine, Truth Table and Boole- 
an Equation entry mechanisms are also 
supported, and may be mixed with 
schematic capture. The powerful De- 
sign Processor performs minimization 
and logic synthesis, then automatically 
fits the design into the desired EPLD. 
Design verification is done using a tim- 
ing simulator, which provides full A.C. 
simulation, along with an interactive 
graphic waveform editor package to 
speed waveform creation and debug- 
ging. During design processing a so- 
phisticated automatic error locator 
shows exactly where the error occurred 
by popping the designer back into the 
schematic at the exact error location. 


MAX Family Members 


Feature 

CY7C344 

CY7C343 

CY7C345 

CY7C342 

Macrocells 

32 

64 

128 

128 

MAX Flip-Flops 

32 

64 

128 

128 

MAX Latches m 

64 

128 

256 

256 

MAX Inputs M 

23 

35 

35 

59 

MAX Outputs 

16 

28 

28 

52 

Packages 

28H, J 

28W, D 

44H, J 

40W, D 

44H, J 

40W, D 

68H, J 

68R 


Key: D — DIP H — Windowed Ceramic Leaded Chip Carrier J — J-Lead Chip Carrier R — Pin Grid Array W — Windowed Ceramic DIP 

Notes: 

1. When all Expander Product Terms are used to implement latches. 2. With one output. 


PAL® is a registered trademark of Monolithic Memories Inc. 

IBM® is a registered trademark of International Business Machines Corporation. 
IBM PC/AT™ is a trademark of International Business Machines Corporation. 
MAXTM and MAX + PLUSTM are trademarks of Altera Corporation. 

Drawings courtesy of Altera Corporation. 
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Figure 1. Key MAX Features 
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PRELIMINAR Y EPLD Family 



functional Description 


The Logic Array Block 

The Logic Array Block, shown in Figure 2, is the heart of 
he MAX architecture. It consists of a Macrocell Array, 
ixpander Product Term Array, and an I/O Block. The 
lumber of Macrocells, Expanders, and I/O vary, depend- 
ng upon the device used. Global feedback of all signals is 


provided within an LAB, giving each functional block 
complete access to the LAB resources. The LAB itself is 
fed by the Programmable Interconnect Array and dedicat- 
ed input bus. The feedbacks of the Macrocells and I/O pins 
feed the PIA, providing access to them by other LABs in 
the device. The CY7C340 family EPLDs having a single 
LAB use a global bus, and a PIA is not needed. 



PROGRAMMABLE 

INTERCONNECT 

ARRAY 


Figure 2. LAB Block Diagram 
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Functional Description (Continued) 


The MAX Macrocell 

Traditionally, PLDs have been divided into either PLA 
(programmable AND, programmable OR), or PALTM 
(programmable AND, fixed OR) architectures. PLDs of 
the latter type provide faster input-to-output delays, but 
can be inefficient due to fixed allocation of product terms. 
Statistical analysis of PLD logic designs has shown that 
70% of all logic functions (per Macrocell) require 3 prod- 
uct terms or less. 

The Macrocell structure of MAX has been optimized to 
handle variable product term requirements. As shown in 
Figure 3, each Macrocell consists of a product term array 
and a configurable register. In the Macrocell, combinatori- 
al logic is implemented with 3 product terms OR’ed to- 
gether, which then feeds an XOR gate. The second input to 
the XOR gate is also controlled by a product term, provid- 
ing the ability to control active high or active low logic and 
to implement T- and JK-type flip-flops. The MAX + PLUS 
software will also use this gate to implement complex mu- 
tually exclusive-OR arithmetic logic functions, or to do 
DeMorgan’s Inversion, reducing the number of product 
terms required to implement a function. 


CY7C340 

PRELIMINAR Y EPLD Family 


If more product terms are required to implement a given 
function, they may be added to the Macrocell from the 
Expander Product Term Array. These additional product 
terms may be added to any Macrocell, allowing the design- 
er to build gate intensive logic, such as address decoders, 
adders, comparators, and complex state machines, without 
using extra Macrocells. 

The register within the Macrocell may be programmed for 
either, D, T, JK, or SR operation. It may alternately be 
configured as a flow-through latch for minimum input to 
output delays, or by-passed entirely for purely combinato- 
rial logic. In addition, each register supports both asyn- 
chronous preset and clear, allowing asynchronous loading 
of counters or shift registers, as found in many standard 
TTL functions. These registers may be clocked with a syn- 
chronous system clock, or clocked independently from the 
logic array. 


II T TTT 

8 PROGRAMMABLE 32 EXPANDER 1 6 
DEDICATED INTERRCONNECT PRODUCT MACROCELL 
INPUTS SIGNALS TERMS FEEDBACKS 



NOTE: One system clock 
per LAB 


Figure 3. Macrocell Block Diagram 
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Functional Description (Continued) 

Expander Product Terms 

The Expander Product Terms, as shown in Figure 4, are 
fed by the Dedicated Input Bus, the Programmable Inter- 
connect Array, the Macrocell Feedback, Expanders them- 
selves, and the I/O pin feedbacks. The outputs of the Ex- 
panders then go to each and every product term in the 
Macrocell Array. This allows Expanders to be “shared” by 
the product terms in the Logic Array Block. One Expander 
may feed all Macrocells in the LAB, or even multiple prod- 
uct terms in the same Macrocell. Since these Expanders 
feed the secondary product terms (Preset, Clear, Clock, 
and Output Enable) of each Macrocell, complex logic func- 
tions may be implemented without utilizing another Mac- 
rocell. Likewise, Expanders may feed and be shared by 
other Expanders, to implement complex multi-level logic 
and input latches. 


MACROCELL 



The I/O Block 

Separate from the Macrocell Array is the I/O Control 
Block of the LAB. Figure 5 shows the I/O block diagram. 
The tristate buffer is controlled by a Macrocell product 
term, and drives the I/O pad. The input of this buffer 
comes from a Macrocell within the associated LAB. The 
feedback path from the I/O pin may feed other blocks 
within the LAB, as well as PIA. 


By decoupling the I/O pins from the flip-flops, all the reg- 
isters in the LAB are “buried”, allowing the I/O pins to be 
used as dedicated outputs. Bi-directional outputs or as ad- 
ditional dedicated inputs. Therefore, applications requiring 
many buried flip-flops, such as counters, shift registers, and 
state machines, no longer consume both the Macrocell reg- 
ister and the associated I/O pin, as in earlier devices. 



Figure 5. I/O Control 

The Programmable Interconnect Array 

A major problem which has limited PLD density and 
speed has been signal routing, i.e. getting signals from one 
Macrocell to another. For smaller devices, a single array is 
used and all signals are available to all Macrocells. But, as 
the devices increase in density, the number of signals being 
routed becomes very large, increasing the amount of silicon 
used for interconnections. Also, because the signal must be 
global, the added loading on the internal connection path 
reduces the overall speed performance of the device. The 
MAX architecture solves these problems. It is based on the 
concept of small, flexible Logic Array Blocks, which, in the 
larger devices, are interconnected by a Programmable In- 
terconnect Array, or PIA. 

The Programmable Interconnect Array solves interconnect 
limitations by routing only the signals needed by each 
LAB. The architecture is designed so that every signal on 
the chip is within the PIA. The PIA is then programmed to 
give each LAB access to the signals that it requires. Conse- 
quently, each LAB receives only the signals needed. This 
effectively solves any routing problems that may arise in a 
design, without degrading the performance of the device. 
Unlike masked or programmable gate arrays, which induce 
variable delays dependent on routing, the PIA has a fixed 
delay from point to point. This eliminates undesired skews 
among logic signals, which may cause glitches in internal 
or external logic. 
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MAX + PLUS™ Development System 

General Description 

The MAX + PLUS Development System represents a com- 
plete hardware and software solution for implementing de- 
signs in the Cypress CY7C340 family of EPLDs. 

MAX + PLUS is a sophisticated Computer Aided Design 
(CAD) system that includes design entry, design simula- 
tion, and device programming. Hosted on an IBM PC/AT 
or compatible machine. MAX + PLUS gives the designer 
the tools to quickly and efficiently implement complex log- 
ic designs. A block diagram is shown in Figure 10. 

Designs are entered in MAX + PLUS using a hierarchical 
graphic editor. This editor has such features as multiple 
windows, multiple zoom levels, unlimited hierarchy levels, 
symbol editing, and a library of 7400 series devices in addi- 
tion to basic SSI gate and register primitives. Also available 
is a Timing Calculator, in which the designer may pick two 
places in the schematic, and the software will display typi- 
cal timing between those two points. Boolean Equation, 
Netlist, State Machine, and Truth Table entry mechanisms 


may be used in conjunction with the graphic editor, giving 
added flexibility to the design environment. 

In addition to a hierarchical design environment, 

MAX + PLUS has a sophisticated processing engine to ex- 
ploit the CY7C340 family architecture. MAX + PLUS uses 
an advanced logic synthesizer and heuristic rules to process 
a design into a file for programming and/or simulation. 

MAX + PLUS features a powerful event-driven simulator 
which displays typical timing results in an interactive 
waveform editor display. In this waveform editor, input 
vector waveforms may be directly modified and a new sim- 
ulation run immediately. 

Unlike most design environments, MAX + PLUS is uni- 
fied, with all sections controlled by the Supervisor and Data 
Base Manager. By unifying the software, MAX + PLUS 
can offer an automatic error locator. If a design rule has 
been violated, the error processor will list an error message, 
the probable cause, and pop the designer into the schematic 
to the exact node where the mistake was made. 



0138-11 

Figure 10. MAX + PLUS Block Diagram 
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MAX + PLUS Development System (Continued) 
Design Entry 

Design entry is easily accomplished with MAX + PLUS. 
MAX + PLUS provides multiple entry mechanisms, in- 
cluding traditional Boolean equation entry. Also available 
are State Machine and Truth Table entry, using a high-lev- 
el state machine language. Because the CY7C340 family of 
EPLDs offer the designer large amounts of logic capability, 
a Hierarchical Graphic Editor has been provided to ease 
the design process. 
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resources. The synthesizer will also remove any unused 
logic or registers from the design. 

The next module in the design processor is the fitter. Its 
function is similar to a placement and router used in semi- 
custom gate arrays. Using heuristic rules, it takes the syn- 
thesized design and optimally places it within the chosen 
CY7C340 EPLD. With the larger devices, it also routes the 
signals across the Programmable Interconnect Array, free- 
ing the designer from interconnection issues. 


Graphic Editor 


Timing Simulator 


The hierarchical design approach used by the graphic edi- 
tor allows the designer to work with either a top-down or a 
bottom-up approach. The top down method allows the de- 
signer to start with a high level block diagram, and then 
move down and design each block individually. The bot- 
tom up method allows the simulation and verification of 
small building blocks, which may then be pieced together 
into a final design. 

The Graphic Editor is mouse driven and uses pull down 
menus or single keystrokes to enter commands. Aiding in 
the design task is a library of 7400 series MSI and SSI logic 
gates. The designer may use these and/or create his own 
custom symbols. Custom functions are easily created in the 
hierarchy by first designing the function. Then a symbol is 
made, which represents that schematic. In this way a cus- 
tom function may be used in multiple places in the current 
design, or saved and used in subsequent designs. 

The function of any symbol created may be defined using 
graphic entry, state machine. Boolean, or truth table de- 
scriptions. This provides a wide range of flexibility for the 
designer, allowing Boolean equations to be combined with 
state machine entry in a hierarchical schematic. 

The timing calculator within the graphic editor gives the 
designer instant feedback concerning timing delays inher- 
ent in a path. By placing two probes on different parts of 
the schematic, the designer immediately knows the worst 
case timing of the processed design. This is a valuable addi- 
tion for design debugging and documentation. 

Design Processor 

After the design is entered, a push of the mouse button 
invokes the powerful MAX + PLUS processor. First a net- 
list is extracted from the complete hierarchical design. 
During the extraction process, design rules are checked for 
any errors, and if errors are found, the error processor 
leads the designer directly to the schematic location where 
the error occurred. The extracted design is placed in the 
database, and the design is ready to be processed. 

The versatile MAX architecture, with its Expander Prod- 
uct Terms and mutual exclusivity, requires a dedicated 
processor to take optimal advantage of the MAX features, 
one that does much more than simplify logic. The logic 
synthesizer in MAX + PLUS uses several knowledge-based 
synthesis rules to factor and map logic onto the multi-level 
MAX architecture. It will then choose the mapping 
aproach that ensures the most efficient use of the silicon 


Rounding out the software offering is a powerful timing 
simulator to aid in the verification and debugging of de- 
signs. The simulator is a graphical, event driven software 
package that yields true, worst case timings based upon 
user-defined input vectors. 

Waveforms may be viewed using a Graphical Waveform 
Editor, which allows graphical definitions and editing of 
input waveforms. The designer can define his input wave- 
form using the mouse to draw the actual waveform as a 
function of time. There are also powerful waveform editing 
commands, all menu driven, to aid in the development of 
the input vectors. Such options as pre-defining, copying 
and repeating waveforms are all available to the user. If 
graphical definition is not desired, there is a powerful vec- 
tor description language for developing input vectors. 

The simulator itself has all the capabilities one would ex- 
pect from this type of design environment. Observing bur- 
ied nodes, accessing flip-flop control inputs, and initializing 
and forcing nodes to specified values are all available with- 
in the timing simulator. The user may also specify break- 
points during the simulation itself, and execute subroutines 
dependent upon the breakpoints. All of these tools aid the 
designer in verifying and debugging the design, even before 
breadboarding. 

The simulator also has advanced A.C. timing detection. 

The software will warn the user when setup and hold times 
to flip flops are being violated, and when there is oscillation 
present in the simulation. Also, the user may define a mini- 
mum pulse width, in which any pulse within the design 
that is smaller than a certain size will be classified as a 
glitch and the designer will be informed. 



Supervisor and Error Processor 

All facets of the MAX + PLUS system are overseen by the 
Supervisor and Data Base Manager. By tying all of the 
software together, the designer has a unified operational 
environment. All the software has the same “look and 
feel”, so that complex commands and languages are not 
needed. 

Automatic error processing is an added benefit of this ap- 
proach. If an error occurs during the processing of the 
design, the software will automatically tell the user what 
the error is, and the probable cause. 

Then, by pressing a single key, the software will automati- 
cally go the schematic in the graphic editor and pinpoint 
the location of the error. 
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192 Macrocell MAXtm 
EPLDs 


Features 

• 192 macrocells in 12 LABs 

• 8 dedicated inputs, 64 
bidirectional I/O pins 

• Programmable interconnect 
array 

• 384 expander product terms 

• Available in 84-pin JLCC, 

PLCC, and PGA 

Functional Description 

The CY7C341 is an Erasable Program- 
mable Logic Device (EPLD) in which 


CMOS EPROM cells are used to con- 
figure logic functions within the device. 
The MAX architecture is 100% user 
configurable, allowing the devices to 
accommodate a variety of independent 
logic functions. 

The 192 macrocells in the CY7C341 
are divided into 12 Logic Array Blocks 
(LABs), 16 per LAB. There are 384 ex- 
pander product terms, 32 per LAB, to 
be used and shared by the macrocells 
within each LAB. Each LAB is inter- 
connected with a programmable inter- 


connect array, allowing all signals to be 
routed throughout the chip. 

The speed and density of the CY7C341 
allows it to be used in a wide range of 
applications, from replacement of large 
amounts of 7400 series TTL logic, to 
complex controllers and multi-function 
chips. With greater than 37 times the 
functionality of 20-pin PLDs, the 
CY7C341 allows the replacement of 
over 75 TTL devices. By replacing 
large amounts of logic, the CY7C341 
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Functional Description (Continued) 

reduces board space, part count, and increases system reli- 
ability. 

Each LAB contains 16 macrocells. In LABs A, F, G and 
L, 8 macrocells are connected to I/O pins and 8 are buried, 
while for LABs B, C, D, E, H, I, J and K, 4 macrocells are 
connected to I/O pins and 12 are buried. Moreover, in 
addition to the I/O and buried macrocells, there are 32 
single product term logic expanders in each LAB. Their 
use greatly enhances the capability of the macrocells with- 
out increasing the number of product terms in each macro- 
cell. 

Logic Array Blocks 

There are 12 logic array blocks in the CY7C341. Each 
LAB consists of a macrocell array containing 16 macro- 
cells, an expander product term array containing 32 expan- 
ders, and an I/O block. The LAB is fed by the programma- 
ble interconnect array and the dedicated input bus. All 
macrocell feedbacks go to the macrocell array, the expan- 
der array, and the programmable interconnect array. Ex- 
panders feed themselves and the macrocell array. All I/O 
feedbacks go to the programmable interconnect array so 
that they may be accessed by macrocells in other LABs as 
well as the macrocells in the LAB in which they are situat- 
ed. 

Externally, the CY7C341 provides 8 dedicated inputs, one 
of which may be used as a system clock. There are 64 I/O 


pins which may be individually configured for input, out- 
put, or bidirectional data flow. 

Programmable Interconnect Array 

The Programmable Interconnect Array (PIA) solves inter- 
connect limitations by routing only the signals needed by 
each logic array block. The inputs to the PIA are the out- 
puts of every macrocell within the device and the I/O pin 
feedback of every pin on the device. 

Unlike masked or programmable gate arrays, which induce 
variable delay dependent on routing, the PIA has a fixed 
delay. This eliminates undesired skews among logic signals, 
which may cause glitches in internal or external logic. The 
fixed delay, regardless of programmable interconnect array 
configuration, simplifies design by assuring that internal 
signal skews or races are avoided. The result is ease of 
design implementation, often in a single pass, without the 
multiple internal logic placement and routing iterations re- 
quired for a programmable gate array to achieve design 
timing objectives. 

Timing Delays 

Timing delays within the CY7C341 may be easily deter- 
mined using MAX + PLUStm software or by the model 
shown in Figure 3. The CY7C341 has fixed internal delays, 
allowing the user to determine the worst case timing delays 
for any design. For complete timing information the 
MAX + PLUS software provides a timing simulator. 
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Figure 3. CY7C341 Internal Timing Model 
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Design Recommendations 

For proper operation, input and output pins must be con- 
strained to the range GND (Vusr or Vout) Vcc- Unused 
inputs must always be tied to an appropriate logic level 
(either Vcc or GND). Each set of Vcc and GND pins 
must be connected together directly at the device. Power 
supply decoupling capacitors of at least 0.2 ju.F must be 
connected between Vcc and GND. For the most effective 
decoupling, each Vcc pin should be separately decoupled 
to GND, directly at the device. Decoupling capacitors 
should have good frequency response, such as monolithic 
ceramic types. 

Design Security 

The CY7C341 contains a programmable design security 
feature that controls the access to the data programmed 


AD VANCED INFORMA TION CY7C341 

into the device. If this programmable feature is used, a 
propriety design implemented in the device cannot be cop- 
ied or retrieved. This enables a high level of design control 
to be obtained since programmed data within EPROM 
cells is invisible. The bit that controls this function, along 
with all other program data, may be reset simply by erasing 
the device. 

The CY7C341 is fully functionally tested and guaranteed 
through complete testing of each programmable EPROM 
bit and all internal logic elements thus ensuring 100% pro- 
gramming yield. 

The erasable nature of these devices allows test programs 
to be used and erased during early stages of the production 
flow. The devices also contain on-board logic test circuitry 
to allow verification of function and AC specification once 
encapsulated in non-windowed packages. 
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128-Macrocell MAX™ 
EPLDs 


Features 

CY7C342 

• 128 macrocells in 8 LABs 

• 8 dedicated inputs, 52 
bidirectional I/O pins 

• Programmable interconnect 
array 

• Available in 68-pin HLCC, 
PLCC, and PGA 

CY7C345 

• 128 macrocells in 8 LABs 

• 8 dedicated inputs, 28 
bidirectional I/O pins 

• 256 expander product terms 

• Programmable interconnect 
array 

• Available in 44-pin HLCC or 
PLCC 


Functional Description 

The CY7C342 and CY7C345 are Eras- 
able Programmable Logic Devices 
(EPLDs) in which CMOS EPROM 
cells are used to configure logic func- 
tions within the devices. The MAX ar- 
chitecture is 100% user configurable, 
allowing the devices to accommodate a 
variety of independent logic functions. 
The 128 macrocells in the CY7C342 
are divided into 8 Logic Array Blocks 
(LABs), 16 per LAB. There are 256 ex- 
pander product terms, 32 per LAB, to 
be used and shared by the macrocells 
within each LAB. Each LAB is inter- 
connected with a programmable inter- 
connect array, allowing all signals to be 
routed throughout the chip. 

The speed and density of the CY7C342 
allows it to be used in a wide range of 
applications, from replacement of large 
amounts of 7400 series TTL logic, to 
complex controllers and multi-function 
chips. With greater than 25 times the 
functionality of 20-pin PLDs, the 
CY7C342 allows the replacement of 


over 50 TTL devices. By replacing 
large amounts of logic, the CY7C342 
reduces board space, part count, and 
increases system reliability. 

The CY7C345 packs the same LSI den- 
sity of the CY7C342 into a smaller, 
40-pin DIP or 44-pin HLCC package. 
Designed for applications in which 
large amounts of logic must be packed 
into a very small area, the CY7C345 is 
ideally suited for applications which re- 
quire large amounts of buried logic. 

It has the same number of macrocells 
and expanders as the CY7C342, and a 
programmable interconnect array to 
allow communications between the 
LABs. Each LAB has an I/O block, 
with LABs A, D, E and H having four 
bidirectional tri-stateable I/O pins, and 
the rest having three I/O pins. Like all 
other EPLDs in the MAX family, these 
I/O pins support dual feedback. In this 
way any macrocells may be buried, 
with only the output of macrocells 
needed off-chip connected to I/O pins. 
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MAX and MAX + PLUS are trademarks of Altera Corporation. 
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Selection Guide 



7C342-30 

7C345-30 

7C342-35 

7C345-35 

7C342-40 

7C345-40 

Maximum Access Time (ns) 

30 

35 

40 

Maximum Operating 

Commercial 

310 

310 


Current (mA) 

Military 


320 

320 

Maximum Standby 

Commercial 

200 

200 


Current (mA) 

Military 


240 

240 


Pin Configurations 


PGA 

Bottom View 
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39 3 I/O 
38 3 I/O 
37 3 I/O 
36 3VCC 
35 3 INPUT 
34 3 INPUT/CLK 
33 3 INPUT 
32 3 GND 
31 3 INPUT 
30 3 I/O 
29 3 I/O 


Logic Array Blocks 

There are eight logic array blocks in the CY7C342 and 
CY7C345. Each LAB consists of a macrocell array con- 
taining 16 macrocells, an expander product term array 
containing 32 expanders, and an I/O block. The LAB is 
fed by the programmable interconnect array and the dedi- 
cated input bus. All macrocell feedbacks go to the macro- 
cell array, the expander array, and the programmable in- 
terconnect array. Expanders feed themselves and the mac- 
rocell array. All I/O feedbacks go to the programmable 
interconnect array so that they may be accessed by macro- 
cells in other LABs as well as the macrocells in the LAB in 
which they are situated. 


Externally, the CY7C342 provides eight dedicated inputs, 
one of which may be used as a system clock. There are 52 
I/O pins which may be individually configured for input, 
output, or bidirectional data flow. 

The CY7C345 is internally identical to the CY7C342, but 
is packaged in a 40-pin DIP or 44-pin J-lead package. It 
has 8 dedicated inputs, and pin # 3 1 may be used as a 
system clock. There are 28 I/O pins which may be individ- 
ually configured for input, output, or bidirectional flow. 
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Figure 3. CY7C342/CY7C345 Internal Timing Model 


Programmable Interconnect Array 

The Programmable Interconnect Array (PIA) solves inter- 
connect limitations by routing only the signals needed by 
each logic array block. The inputs to the PIA are the out- 
puts of every macrocell within the device and the I/O pin 
feedback of every pin on the device. 

Unlike masked or programmable gate arrays, which induce 
variable delay dependent on routing, the PIA has a fixed 
delay. This eliminates undesired skews among logic signals, 
which may cause glitches in internal or external logic. The 
fixed delay, regardless of programmable interconnect array 
configuration, simplifies design by assuring that internal 
signal skews or races are avoided. The result is ease of 
design implementation, often in a single pass, without the 
multiple internal logic placement and routing iterations re- 
quired for a programmable gate array to achieve design 
timing objectives. 

Timing Delays 

Timing delays within the CY7C342 and CY7C345 may be 
easily determined using MAX + PLUS™ software or by 
the model shown in Figure 3. The CY7C342 and CY7C345 
have fixed internal delays, allowing the user to determine 
the worst case timing delays for any design. For complete 
timing information the MAX + PLUS software provides a 
timing simulator. 


Design Recommendations 

Operation of the devices described herein with conditions 
above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these 
or any other conditions above those indicated in the opera- 
tional sections of this data sheet is not implied. Exposure to 
absolute maximum ratings conditions for extended periods 
of time may affect device reliability. The CY7C342 and 
CY7C345 contain circuitry to protect device pins from 
high static voltages or electric fields; however, it is advised 
that normal precautions be taken to avoid application of 
any voltage higher than maximum rated voltages. 

For proper operation, input and output pins must be con- 
strained to the range GND ^ (Vim or Vout) ^ Vcc- 
Unused inputs must always be tied to an appropriate logic 
level (either Vcc or GND). Each set of Vcc and GND 
pins must be connected together directly at the device. 
Power supply decoupling capacitors of at least 0.2 ju,F must 
be connected between Vcc and GND. For the most effec- 
tive decoupling, each Vcc pin should be separately decou- 
pled to GND, directly at the device. Decoupling capacitors 
should have good frequency response, such as monolithic 
ceramic types. 
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Design Security 

The CY7C342 and CY7C345 contain a programmable de- 
sign security feature that controls the access to the data 
programmed into the device. If this programmable feature 
is used, a propriety design implemented in the device can- 
not be copied or retrieved. This enables a high level of 
design control to be obtained since programmed data with- 
in EPROM cells is invisible. The bit that controls this func- 
tion, along with all other program data, may be reset sim- 
ply by erasing the device. 



MAXIMUM FREQUENCY 

0175-9 

Figure 4. Ice vs fMAX 


V out VS - 



V 0 OUTPUT VOLTAGE (V) 

0175-8 

Figure 5. Output Drive Current 

The CY7C342 and CY7C345 are fully functionally tested 
and guaranteed through complete testing of each program- 
mable EPROM bit and all internal logic elements thus en- 
suring 100% programming yield. 

The erasable nature of these devices allows test programs 
to be used and erased during early stages of the production 
flow. The devices also contain on-board logic test circuitry 
to allow verification of function and AC specification once 
encapsulated in non-windowed packages. 
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Timing Considerations 

Unless otherwise stated, propagation delays do not include 
expanders. When using expanders add the maximum ex- 
pander delay tEXP to the overall delay. Similarly, there is 
an additional tpiA delay for an input from an I/O pin when 
compared to a signal from a straight input pin. 

When calculating synchronous frequencies, use tsj if all 
inputs are on dedicated input pins. The parameter ts 2 
should be used if data is applied at an I/O pin. If ts 2 is 
greater than tcoj, l/tS 2 becomes the limiting frequency 
in the data path mode unless l/(twH + twL.) is less than 

l/tS2- 

When expander logic is used in the data path, add the 
appropriate maximum expander delay, tEXP to tsj. Deter- 
mine which of l/(twH + twL), l/tcOi> or l/(tEXP + tS,) 
is the lowest frequency. The lowest of these frequencies is 
the maximum data path frequency for the synchronous 
configuration. 

When calculating external asynchronous frequencies, use 
tASj if all inputs are on the dedicated input pins. If any 
data is applied to an I/O pin, tAS 2 must b e us ed as the 
required set up time. If (tAS 2 tAH) is greater than 
tACOi> I/OAS 2 + tAH) becomes the limiting frequency in 
the data path mode unless l/(tAWH + tAWL) is less than 
l/(tAS2 + l AH)- 

When expander logic is used in the data path, add the 
appropriate maximum expander delay, t£XP to tASj- De- 
termine which of l/(tAWH + tAWL)> 1/tACOp or 
l/(tEXP + tASi) is the lowest frequency. The lowest of 
these frequencies is the maximum data path frequency for 
the asynchronous configuration. 

The parameter toH indicates the system compatibility of 
this device when driving other synchronous logic with posi- 
tive input hold times, which is controlled by the same syn- 
chronous clock. If toH is greater than the minimum re- 
quired input hold time of the subsequent synchronous log- 
ic, then the devices are guaranteed to function properly 
with a common synchronous clock under worst-case envi- 
ronmental and supply voltage conditions. 

The parameter tAOH indicates the system compatibility of 
this device when driving subsequent registered logic with a 
positive hold time and using the same clock as the 
CY7C342. 

In general, if tAOH is greater than the minimum required 
input hold time of the subsequent logic (synchronous or 
asynchronous) then the devices are guaranteed to function 
properly under worst-case environmental and supply volt- 
age conditions, provided the clock signal source is the 
same. This also applies if expander logic is used in the 
clock signal path of the driving device, but not for the 
driven device. This is due to the expander logic in the sec- 
ond device’s clock signal path adding an additional delay 
Oexp) causing the output data from the preceding device 
to change prior to the arrival of the clock signal at the 
following device’s register. 
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Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 

Storage Temperature — 65° C to + 150°C DC Program Voltage —2.0V to + 13.5V 

Ambient Temperature with 

Power Applied 0°C to + 70°C 

Maximum Junction Temperature 

(Under Bias) 1 50°C 

Supply Voltage to Ground Potential .... —2.0V to + 7.0V 

Maximum Power Dissipation 2500 mW 

DC Vcc or GND Current 500 mA 

DC Output Current, per Pin — 25 mA to + 25 mA 

DC Input Voltage^ -2.0V to + 7.0V 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to +70°C 

5V ±5% 

Industrial 

— 40°C to + 85°C 

5V ± 10% 

Military 

— 55°C to + 125°C (Case) 

5V ± 10% 


Electrical Characteristics Over the Operating Range tel 


— 

Parameters 

Description 

Test Conditions 

Min. 

Max. 

Units 

VOH 

Output HIGH Voltage 

Vcc = Min., Ioh = —4.0 mA 

2.4 


V 

VOL 

Output LOW Voltage 

Vcc = Min., Iol = 8 mA 


0.45 

V 

VlH 

Input HIGH Level 


2.2 

Vcc + 0.3 

V 

VlL 

Input LOW Level 


-0.3 

0.8 

V 

Iix 

Input Current 

GND < Vin < Vcc 

-10 

+ 10 

jwA 

loz 

Output Leakage Current 

Vq = Vcc or GND 

-40 

+ 40 

fxA 

los 

Output Short 

Circuit Current 

Vcc = Max., Vqut = GND 

-30 

-90 

mA 

Icci 

Power Supply 

Current (Standby) 

Vi = V C c or GND (No Load) 

Commercial 


200 

mA 

Military 


240 

mA 

lcc 2 

Power Supply 

Current^] 

Vi = Vcc or GND (No Load) 
f= 1.0 MHz [31 

Commercial 


310 

mA 

Military 


320 

mA 


Capacitance M 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Cin 

Input Capacitance 

V IN = 2V,f = 1.0 MHz 

10 

pF 

Cqut 

Output Capacitance 

Vqut = 2.0V, f = 1.0 MHz 

12 


Notes: 

1. Minimum DC input is —0.3V. During transitions, the inputs may 3. This parameter is measured with device programmed as a 16-bit coun- 
undershoot to —2.0V for periods less than 20 ns. ter in each LAB. This parameter is tested periodically by sampling 

2. Typical values are for Ta = 25°C and Vcc = 5 V. production material. 

4. Figure la test load used for all parameters except t£R and tgA- Figure 
lb test load used for t£R and tHA- All external timing parameters are 
measured referenced to external pins of the device. 

AC Test Loads and Waveforms M 


5V O- 
OUTPUT O- 


R1 464J1 


50 pF 


5V O 
OUTPUT O 


R2 

2500. 


_ INCLUDING 
— JIG AND “ 
SCOPE 



INCLUDING 
” JIG AND 
SCOPE 


Input Pulses 


3.0V 

GND 




Figure 2 
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Figure la 


Figure lb 


Equivalent to: THEVENIN EQUIVALENT (Commercial/Military) 
163A 

OUTPUT O VW 0 1 .75V 

0175-12 
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External Synchronous Switching Characteristics W Over Operating Range 



Description 


Dedicated Input to Combinatorial 
Output Delay I 5 ! 


I/O Input to Combinatorial 
Output Delay t 6 ! 


Dedicated Input to Combinatorial 
Output Delay with Expander Delay 17] 


I/O Input to Combinatorial 
Output Delay with Expander Delay t 8 ! 


Input to Output Enable Delay t 5 ! 


Input to Output Disable Delay t5] 


Synchronous Clock Input to 
Output Delay 


Synchronous Clock to Local 
Feedback to Combinatorial Output^! 


Dedicated Input or Feedback Setup Time 
to Synchronous Clock Input I 5 ’ ! °I 


I/O Input Setup Time to Synchronous 
Clock Input [5] 


Input Hold Time from Synchronous 
Clock Input W 


Synchronous Clock Input High Time 


Synchronous Clock Input Low Time 


Asynchronous Clear Width t 5 ! 


Asynchronous Clear Recovery Timet 5 ! 


Asynchronous Clear to Registered 
Output Delayt 5 ! 


Asynchronous Preset Width t 5 t 


Asynchronous Preset Recovery Timet 5 ! 


Asynchronous Preset to Registered 
Output Delay t5l 


Synchronous Clock to Local 
Feedback Inputt 1 ll 


External Synchronous Clock Period 
(tcoi + tsj) 


CY7C342-30 CY7C342-35 CY7C342-40 

CY7C345-30 CY7C345-35 CY7C345-40 Units 

Min. I Max. Min. I Max. Min. I Max. 
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External Synchronous Switching Characteristics M Over Operating Range (Continued) 




External Feedback Maximum Frequency 

(l/(tcOi + ts,))M 


Internal Local Feedback Maximum Frequency, 
lesser of l/(tsj + tcF) or (1/tcoi)^ 13 ^ 


Data Path Maximum Frequency, least of 
(l/(twL + twH», (l/(tsi + tH» or (l/tcoi) [14] 


Maximum Register Toggle Frequency 

(l/(tWL + twH )^ 151 


Output Data Stable Time from 
OH Synchronous Clock Input E 1 6 E 


Notes: 

5. This specification is a measure of the delay from input signal applied 
to a dedicated input, (68-pin PLCC input pin 1, 2, 32, 34, 35, 66, or 
68) to combinatorial output on any output pin. This delay assumes 
no expander terms are used to form the logic function. 


CY7C342-30 

CY7C345-30 



10. If data is applied to an I/O input for capture by a macrocell register, 
the I/O pin input set-up time minimums should be observed. These 
parameters are ts 2 for synchronous operation and tAS 2 f° r asynchro- 
nous operation. 


When this note is applied to any parameter specification it indicates 
that the signal (data, asynchronous clock, asynchronous clear, 
and/or asynchronous preset) is applied to a dedicated input only and 
no signal path (either clock or data) employs expander logic. 

If an input signal is applied to an I/O pin an additional delay equal 
to tpiA should be added to the comparable delay for a dedicated 
input. If expanders are used add the maximum expander delay tEXP 
to the overall delay for the comparable delay without expanders. 

6. This specification is a measure of the delay from input signal applied 
to an I/O macrocell pin to any output. This delay assumes no expan- 
der terms are used to form the logic function. 

7. This specification is a measure of the delay from an input signal 
applied to a dedicated input, (68-pin PLCC input pin 1, 2, 32, 34, 35, 
36, 66, or 68) to combinatorial output on any output pin. This delay 
assumes expander terms are used to form the logic function and 
includes the worst-case expander logic delay for one pass through the 
expander logic. 

8. This specification is a measure of the delay from an input signal 
applied to an I/O macrocell pin to any output. This delay assumes 
expander terms are used to form the logic function and includes the 
worst case expander logic delay for one pass through the expander 
logic. This parameter is tested periodically by sampling production 
material. 

9. This specification is a measure of the delay from synchronous regis- 
ter clock to internal feedback of the register output signal to the 
input of the LAB logic array and then to a combinatorial output. 

This delay assumes no expanders are used, register is synchronously 
clocked and all feedback is within the same LAB. This parameter is 
tested periodically by sampling production material. 


11. This specification is a measure of the delay associated with the inter- 
nal register feedback path. This is the delay from synchronous clock 
to LAB logic array input. This delay plus the register set-up time, 
tsj, is the minimum internal period for an internal synchronous state 
machine configuration. This delay is for feedback within the same 
LAB. This parameter is tested periodically by sampling production 
material. 

12. This specification indicates the guaranteed maximum frequency, in 
synchronous mode, at which a state machine configuration with ex- 
ternal feedback can operate. It is assumed that all data inputs and 
feedback signals are applied to dedicated inputs. All feedback is as- 
sumed to be local originating within the same LAB. 

13. This specification indicates the guaranteed maximum frequency at 
which a state machine with internal only feedback can operate. If 
register output states must also control external points, this frequen- 
cy can still be observed as long as this frequency is less than l/tcop 

14. This frequency indicates the maximum frequency at which the de- 
vice may operate in data path mode (dedicated input pin to output 
pin). This assumes data input signals are applied to dedicated input 
pins and no expander logic is used. If any of the data inputs are I/O 
pins, ts 2 is the appropriate ts for calculation. 

15. This specification indicates the guaranteed maximum frequency, in 
synchronous mode, at which an individual output or buried register 
can be cycled by a clock signal applied to the dedicated clock input 
pin. 

16. This parameter indicates the minimum time after a synchronous reg- 
ister clock input that the previous register output data is maintained 
on the output pin. 
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External Asynchronous Switching Characteristics M Over operating Range 


Parameters 

Description 

CY7C342-30 

CY7C345-30 

CY7C342-35 

CY7C345-35 

CY7C342-40 

CY7C345-40 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

tACOi 

Asynchronous Clock Input to 

Output Delayl 5 ] 

Com’l 


30 


35 



ns 

Mil 




35 


45 

tAC0 2 

Asynchronous Clock Input to Local 

Feedback to Combinatorial Output tl7] 

Com’l 


46 


55 



ns 

Mil 




55 


64 

tASi 

Dedicated Input or Feedback Setup Time to 
Asynchronous Clock Input t 5 l 

Com’l 

10 


10 




ns 

Mil 



10 


10 


tAS 2 

I/O Input Setup Time to Asynchronous 

Clock Input [5] 

Com’l 

27 


30 




ns 

Mil 



30 


33 


tAH 

Input Hold Time from Asynchronous 

Clock Input I 5 J 

Com’l 

15 


15 




ns 

Mil 



15 


15 


tAWH 

Asynchronous Clock Input High Timet 5 ] 

Com’l 

25 


30 




ns 

Mil 



30 


35 


tAWL 

Asynchronous Clock Input Low Timet 5 ] 

Com’l 

25 


30 




ns 

Mil 



30 


35 


tACF 

Asynchronous Clock to Local 

Feedback Inputt 18 ] 

Com’l 


18 


22 



ns 

Mil 




22 


26 

tAP 

External Asynchronous Clock Period 
(tACOi + tASj) or (tAWH + tAWL) 

Com’l 

50 


60 




ns 

Mil 



60 


70 


fMAXAi 

External Feedback Maximum Frequency in 
Asynchronous Mode (IAap)^! 

Com’l 

20 


16.6 




MHz 

Mil 



16.6 


14.2 


fMAXA 2 

Maximum Internal Asynchronous 
Frequencyt 22 ! 

Com’l 

20 


16.6 




MHz 

Mil 



16.6 


14.2 


fMAXA3 

Data Path Maximum Frequency in 
Asynchronous Mode^U 

Com’l 

20 


16.6 



... 

MHz 

Mil 



16.6 


14.2 


fMAXA4 

Maximum Asynchronous Register Toggle 
Frequency l/(tAWH + tAWL)t 2 °] 

Com’l 

20 


16.6 




MHz 

Mil 



16.6 


14.2 


tAOH 

Output Data Stable Time from 

Asynchronous Clock Inputt 25 ] 

Com’l 

15 


15 




ns 

Mil 



15 


15 



Notes: 


17. This specification is a measure of the delay from an asynchronous 
register clock input to internal feedback of the register output signal 
to the input of the LAB logic array and then to a combinatorial 
output. This delay assumes no expanders are used in the logic of 
combinatorial output or the asynchronous clock input. The clock 
signal is applied to the dedicated clock input pin and all feedback is 
within a single LAB. This parameter is tested periodically by sam- 
pling production material. 

18. This specification is a measure of the delay associated with the inter- 
nal register feedback path for an asynchronous clock to LAB logic 
array input. This delay plus the asynchronous register setup time, 
tASi, is the minimum internal period for an internal asynchronously 
clocked state machine configuration. This delay is for feedback with- 
in the same LAB, assumes no expander logic in the clock path and 
assumes that the clock input signal is applied to a dedicated input 
pin. This parameter is tested periodically by sampling production 
material. 

19. This specification indicates the guaranteed maximum frequency at 
which an asynchronously clocked state machine configuration with 
external feedback can operate. It is assumed that all data inputs, 
clock inputs, and feedback signals are applied to dedicated inputs 
and that no expander logic is employed in the clock signal path or 
data path. 


20. This specification indicates the guaranteed maximum frequency at 
which an individual output or buried register can be cycled in asyn- 
chronously clocked mode by a clock signal applied to an external 
dedicated input pin. 

21. This frequency is the maximum frequency at which the device may 
operate in the asynchronously clocked data path mode. This specifi- 
cation is determined by the least of l/(t a WH + tAWL), l/(tAS] + 

tAH) or 1/tACOp It asssumes data and clock input signals are ap- 
plied to dedicated input pins and no expander logic is used. 

22. This specification indicates the guaranteed maximum frequency at 
which an asynchronously clocked state machine with internal only 
feedback can operate. This parameter is determined by the lesser of 
(l/(tACF + tAS» or (l/(tAWH + tAWL»- If register output states 
must also control external points, this frequency can still be observed 
as long as this frequency is less than l/tACOp 

This specification assumes no expander logic is utilized, all data in- 
puts and clock inputs are applied to dedicated inputs, and all state 
feedback is within a single LAB. This parameter is tested periodical- 
ly by sampling production material. 

23. This parameter indicates the minimum time that the previous regis- 
ter output data is maintained on the output after an asynchronous 
register clock input applied to an external dedicated input pin. 
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CY7C342 

PRELIMINARY CY7C345 



Switching Waveforms 


External Combinatorial 


DEDICATED INPUT/ 
I/O INPUT 


COMBINATORIAL 

OUTPUT 


COMBINATORIAL OR 
REGISTERED OUTPUT 


HIGH IMPEDANCE 
3 -STATE 


X 



tpDI 

'h 

, 

d 



[51 -J 



> 


-< r VALID OUTPUT 


HIGH IMPEDANCE 
3 -STATE 


0175-13 


External Synchronous 




0175-14 


External Asynchronous 



0175-15 
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SEMICONDUCTOR 


Internal Switching Characteristics W Over Operating Range 



Description 


Dedicated Input Pad and 
Buffer Delay 


I/O Input Pad and Buffer Delay 


Expander Array Delay 


Logic Array Data Delay 


Logic Array Control Delay 


Output Buffer and Pad Delay I 24 ! 


Output Buffer Enable Delay t 25 l — ^ om * 

Mil 


Output Buffer Disable Delay! 26 ] 


Register Setup Time Relative to | Com’l 
Clock Signal at Register 


Register Hold Time Relative to | Com’l 
Clock Signal at Register 


tLATCH Flow Through Latch Delay 


Register Delay 


Transparent Mode Delay I 27 l 


Clock High Time 


Clock Low Time 


Asynchronous Clock Logic Delay 


Synchronous Clock Delay 


Feedback Delay 


Asynchronous Register 
Preset Time 


Asynchronous Register 
Clear Time 


Asynchronous Preset and 
Clear Pulse Width 


Asynchronous Preset and Clear | Com’l 
Recovery Time 


Programmable Interconnect 
Array Delay Time 


Notes: 

24. toD is specified with Cl = 35 pF. 

25. tzx is specified with Cl = 35 pF. Sample tested only for an output 
change of 500 mV. 


CY7C342-30 

CY7C345-30 


CY7C342 

PRELIMINARY CY7C345 


CY7C342-35 

CY7C345-35 



26. txz is specified with Cl = 5 pF. 

27. This specification guarantees the maximum combinatorial delay as- 
sociated with the macrocell register bypass when the macrocell is 
configured for combinatorial operation. 
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PRELIMINARY CY7C345 


Switching Waveforms (Continued) 
Internal Combinatorial 



- t |N 


INPUT PIN ^ 



- 

*10 ■* *PIA *1 


I/O PIN ) 

I 




0. 

X 

Ul 


LXPANDtR \ 

ARRAY nFI AY 3 

i 




■* ‘lac, ‘lad *■ 


LOGIC ARRAY \ 

INPUT 3 






LOGIC ARRAY \ 

OUTPUT 3 
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Switching Waveforms (Continued) 


Internal Synchronous 



Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

30 

CY7C342-30HC 

H81 

Commercial 

CY7C342-30JC 

J81 

CY7C342-30RC 

R68 

CY7C342-30GC 

G68 

35 

CY7C342-35HC 

H81 

Commercial 

CY7C342-35JC 

J81 

CY7C342-35RC 

R68 

CY7C342-35GC 

G68 

CY7C342-35HMB 

H81 

Military 

CY7C342-35RMB 

R68 

40 

CY7C342-40HC 

H81 

Commercial 

CY7C342-40JC 

J81 

CY7C342-40RC 

R68 

CY7C342-40GC 

G68 

CY7C342-40HMB 

H81 

Military 

CY7C342-40RMB 

R68 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

30 

CY7C345-30HC 

H67 

Commercial 

CY7C345-30JC 

J67 

35 

CY7C345-35HC 

H67 

Commercial 

CY7C345-35JC 

J67 

CY7C345-35HMB 

H67 

Military 

40 

CY7C345-40HC 

H67 

Commercial 

CY7C345-40JC 

J67 

CY7C345-40HMB 

H67 

Military 
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pyppuQC 

SEMICONDUCTOR 


64-Macrocell MAXtm EPLD 


Features 

• 64 MAX macrocells in 4 LABs 

• 8 dedicated inputs, 28 three- 
stateable, bidirectional I/O pins 

• Programmable interconnect 
array 

• Available in 44-pin HLCC, 
PLCC 


Functional Description 

The CY7C343 is a high-performance, 
high-density erasable programmable 
logic device, available in 44-pin PLCC 
and HLCC packages. 

The CY7C343 contains 64 highly flex- 
ible macrocells and 128 expander prod- 
uct terms. These resources are divided 
into four Logic Array Blocks (LABs) 
connected through the Programmable 
Interconnect Array (PIA). There are 


8 dedicated input pins, one of which 
doubles as a clock pin if needed. The 
CY7C343 also has 28 I/O pins, each 
connected to a macrocell (eight for 
LABs A and C and six for LABs B and 
D). The remaining 36 macrocells are 
used for embedded logic. 

The CY7C343 is excellent for a wide 
range of applications both synchronous 
and asynchronous. 


Logic Block Diagram 


Pin Configuration 



HLCC 
Top View 

poo g o o o 




Selection Guide 



7C343-30 

7C343-35 

7C343-40 

Maximum Access Time (ns) 

30 

35 

40 

Maximum Operating 
Current (mA) 

Commercial 

155 

155 


Military 


160 

160 

Maximum Standby 

Current (mA) 

Commercial 

100 

100 


Military 


120 

120 


MAX and MAX + PLUS are trademarks of Altera Corporation. 
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PRELIMINARY CY7C343 


Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature . . — 65°C to 4- 150°C DC Input 

Ambient Temperature with DC Progi 

Power Applied 0°Cto +70°C 

Maximum Junction Temperature Operati 

(Under Bias) 150°C 

Supply Voltage to Ground Potential .... — 2.0V to + 7.0V 

Maximum Power Dissipation 2500 mW Comme 

DC Vcc or GND Current 500 mA Indust 

DC Output Current, per Pin —25 mA to + 25 mA Milita 

Electrical Characteristics Over the Operating Range [21 


Test Conditions 


Vcc = Min., Iqh = —4.0 mA 


Vcc = Min., Iql = 8 mA 


GND <i Vjn ^ Vcc 


Vo = Vcc or GND 


Vcc = Max., Vqut = GND 


Vi = V C c or GND (No Load) 


DC Input VoltageU] -2.0V to + 7.0V 

DC Program Voltage —2.0V to + 13.5V 

Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to +70°C 

5V ±5% 

Industrial 

— 40°C to + 85°C 

5V ± 10% 

Military 

— 55°C to + 125°C (Case) 

5V ± 10% 


Parameters 

Description 

VOH 

Output HIGH Voltage 

VOL 

Output LOW Voltage 

VlH 

Input HIGH Level 

VlL 

Input LOW Level 

iix 

Input Current 

loz 

Output Leakage Current 

los 

Output Short 

Circuit Current 

Icci 

Power Supply 

Current (Standby) 

!cc 2 

Power Supply 

Current^] 


Vi = V C c or GND (No Load) 
f = 1.0MHzl3l 


Commercial 


Military 


Commercial 


Military 



Capacitance 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Qn 

Input Capacitance 

Vin = 2V,f = 1.0 MHz 

10 

pF 

CqUT 

Output Capacitance 

VoUT = 2.0V, f = 1.0 MHz 

12 


Notes: 

1. Minimum DC input is —0.3V. During transitions, the inputs may 
undershoot to —2.0V for periods less than 20 ns. 

2. Typical values are for Ta = 25°C and Vcc = 5V. 

AC Test Loads and Waveforms [4] 

R, 464.fi. R, 46411 


3. Measured with device programmed as a 16-bit counter in each LAB. 
This parameter is tested periodically by sampling production material. 

4. Figure la test load used for all parameters except tER and t£A- Figure 
lb test load used for t£R and tEA- All external timing parameters are 
measured referenced to external pins of the device. 


Input Pulses 



including -±? r±r 

JIG AND _ _ 

SCORE 



3.0V 

GND — 
< 1 0 ns 


Figure la Figure lb 

Equivalent to: THEVENIN EQUIVALENT (Commercial/Military) 

1 63.lt 


Figure 2 
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CY7C343 Timing Model 




0185-3 


Programmable Interconnect Array 

The Programmable Interconnect Array (PIA) solves inter- 
connect limitations by routing only the signals needed by 
each logic array block. The inputs to the PIA are the out- 
puts of every macrocell within the device and the I/O pin 
feedback of every pin on the device. 

Unlike masked or programmable gate arrays, which induce 
variable delay dependent on routing, the PIA has a fixed 
delay. This eliminates undesired skews among logic signals, 
which may cause glitches in internal or external logic. The 
fixed delay, regardless of programmable interconnect array 
configuration, simplifies design by assuring that internal 
signal skews or races are avoided. The result is ease of 
design implementation, often in a single pass, without the 
multiple internal logic placement and routing iterations re- 
quired for a programmable gate array to achieve design 
timing objectives. 

Timing Delays 

Timing delays within the CY7C343 may be easily deter- 
mined using MAX + PLUS™ software or by the model 
shown in Figure 3. The CY7C343 has fixed internal delays, 
allowing the user to determine the worst case timing delays 
for any design. For complete timing information the 
MAX + PLUS software provides a timing simulator. 


Design Recommendations 

Operation of the devices described herein with conditions 
above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these 
or any other conditions above those indicated in the opera- 
tional sections of this data sheet is not implied. Exposure to 
absolute maximum ratings conditions for extended periods 
of time may affect device reliability. The CY7C343 con- 
tains circuitry to protect device pins from high static volt- 
ages or electric fields; however, it is advised that normal 
precautions be taken to avoid application of any voltage 
higher than maximum rated voltages. 

For proper operation, input and output pins must be con- 
strained to the range GND (Vin or Vout) Vcc- Unused 
inputs must always be tied to an appropriate logic level 
(either Vcc or GND). Each set of Vcc and GND pins 
must be connected together directly at the device. Power 
supply decoupling capacitors of at least 0.2 jaF must be 
connected between Vcc and GND. For the most effective 
decoupling, each Vcc pin should be separately decoupled 
to GND, directly at the device. Decoupling capacitors 
should have good frequency response, such as monolithic 
ceramic types. 
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Timing Considerations 

Unless otherwise stated, propagation delays do not include 
expanders. When using expanders add the maximum ex- 
pander delay tEXP to the overall delay. Similarly, there is 
an additional tpiA delay for an input from an I/O pin when 
compared to a signal from a straight input pin. 

When calculating synchronous frequencies, use tsj if all 
inputs are on the input pins. ts 2 should be used if data is 
applied at an I/O pin. If ts 2 is greater than tcop 
l/ts 2 becomes the limiting frequency in the data path 
mode unless l/(twH + twL) is less than l/ts 2 . 

When expander logic is used in the data path, add the 
appropriate maximum expander delay, t£XP to tsj. Deter- 
mine which of l/(twH + twL)> 1/tcop or l/(tEXP + tsj) 
is the lowest frequency. The lowest of these frequencies is 
the maximum data path frequency for the synchronous 
configuration. 

When calculating external asynchronous frequencies, use 
tASi if all inputs are on dedicated input pins. If any data is 
applied to an I/O pin, tAS 2 must be used as the required set 
up time. If (tAS 2 + tAH) is greater than tACOp l/(tAS 2 + 
tAH) becomes the limiting frequency in the data path mode 
unless l/(tAWH + tAWL) is less than l/(tAS 2 + tAH)- 

When expander logic is used in the data path, add the 
appropriate maximum expander delay, tEXP to tASp De- 
termine which of l/(tAWH + tAWL). 1/tACOp or 


l/(tEXP + tASi) * s the lowest frequency. The lowest of 
these frequencies is the maximum data path frequency for 
the asynchronous configuration. 

The parameter toH indicates the system compatibility of 
this device when driving other synchronous logic with posi- 
tive input hold times, which is controlled by the same syn- 
chronous clock. If toH is greater than the minimum re- 
quired input hold time of the subsequent synchronous log- 
ic, then the devices are guaranteed to function properly 
with a common synchronous clock under worst-case envi- 
ronmental and supply voltage conditions. 

The parameter tAOH indicates the system compatibility of 
this device when driving subsequent registered logic with a 
positive hold time and using the same clock as the 
CY7C343. 

In general, if tAOH is greater than the minimum required 
input hold time of the subsequent logic (synchronous or 
asynchronous) then the devices are guaranteed to function 
properly under worst-case environmental and supply volt- 
age conditions, provided the clock signal source is the 
same. This also applies if expander logic is used in the 
clock signal path of the driving device, but not for the 
driven device. This is due to the expander logic in the sec- 
ond device’s clock signal path adding an additional delay 
(tEXP) causing the output data from the preceding device 
to change prior to the arrival of the clock signal at the 
following device’s register. 
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PRELIMINARY CY7C343 


External Synchronous Switching Characteristics M Over Operating Range 


Parameters 


tPDi 

tPD 2 

tPD 3 

tPD4 

tEA 

tER 

tcoi 

tco 2 

tsi 

ts 2 

tH 

tWH 

tWL 

tRW 

tRR 

tRO 

tpw 

tpR 

tpo 

tCF 

tp 


Description 


Dedicated Input to Combinatorial 
Output Delay! 5 ! 

I/O Input to Combinatorial 
Output Delay! 6 ! 

Dedicated Input to Combinatorial 
Output Delay with Expander Delay! 7 ! 

I/O Input to Combinatorial 
Output Delay with Expander Delay! 8 ! 


Input to Output Enable Delay ! 5 ! 


Input to Output Disable Delay ! 5 ! 


Synchronous Clock Input to 
Output Delay 

Synchronous Clock to Local 
Feedback to Combinatorial Output! 9 ! 

Dedicated Input or Feedback Setup Time 
to Synchronous Clock Input! 5 - 10 ! 

I/O Input Setup Time to Synchronous 
Clock Input! 5 ! 


Input Hold Time from Synchronous 
Clock Input! 5 ! 


Synchronous Clock Input High Time 


Synchronous Clock Input Low Time 


Asynchronous Clear Width! 5 ! 


Asynchronous Clear Recovery Time! 5 ! 


Asynchronous Clear to Registered 
Output Delay! 5 ! 


Asynchronous Preset Width! 5 ! 


Asynchronous Preset Recovery Time! 5 ! 


Asynchronous Preset to Registered 
Output Delay! 5 ! 


Synchronous Clock to Local 
Feedback Input ! 1 H 

External Synchronous Clock Period 
(tcoi + tsj) 


CY7C343-30 


CY7C343-35 


Min. Max. 
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External Synchronous Switching Characteristics M Over Operating Range (Continued) 


Parameters 

Description 

CY7C343-30 

CY7C343-35 

CY7C343-40 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

fMAXi 

External Maximum Frequency 
(l/(tcoi + tei))^ 

Com’l 

27.0 


23.2 




MHz 

Mil 



22.2 


19.6 


fMAX2 

Internal Local Feedback Maximum Frequency, 
lesser of l/(tsj + tcF) or (l/tcOi)^ 

Com’l 

40.0 


32.2 




MHz 

Mil 



33.3 


28.5 


fMAX3 

Data Path Maximum Frequency, least of 
(l/(tWL + twH)), (l/(tSi + tH)) or (l/tcOi> [!4] 


45.4 


40.0 




MHz 




40.0 


30.0 


fMAX4 

Maximum Register Toggle Frequency 
l/(twL + 1 wh) [15 1 

Com’l 

50.0 


40.0 




MHz 

Mil 



40.0 


30.0 


tQH 

Output Data Stable Time from 

Synchronous Clock Input 

Com’l 

3 


3 




ns 

Mil 



3 


3 



Notes: 


5. This specification is a measure of the delay from input signal applied 
to a dedicated input, (44-pin PLCC input pin 9, 11, 12, 13, 31, 33, 

34, or 35) to combinatorial output on any output pin. This delay 
assumes no expander terms are used to form the logic function. 

When this note is applied to any parameter specification it indicates 
that the signal (data, asynchronous clock, asynchronous clear, 
and/or asynchronous preset) is applied to a dedicated input only and 
no signal path (either clock or data) employs expander logic. 

If an input signal is applied to an I/O pin an additional delay equal 
to tpiA should be added. 

If expanders are used add the maximum expander delay texp to the 
overall delay. 

6. This specification is a measure of the delay from input signal applied 
to an I/O macrocell pin to any output. This delay assumes no expan- 
der terms are used to form the logic function. 

7. This specification is a measure of the delay from an input signal 
applied to a dedicated input, (44-pin PLCC input pin 9, 11, 12, 13, 
31, 33, 34, or 35) to combinatorial output on any output pin. This 
delay assumes expander terms are used to form the logic function 
and includes the worst-case expander logic delay for one pass 
through the expander logic. This parameter is tested periodically by 
sampling production material. 

8. This specification is a measure of the delay from an input signal 
applied to an I/O macrocell pin to any output. This delay assumes 
expander terms are used to form the logic function and includes the 
worst case expander logic delay for one pass through the expander 
logic. This parameter is tested periodically by sampling production 
material. 

9. This specification is a measure of the delay from synchronous regis- 
ter clock to internal feedback of the register output signal to the 
input of the LAB logic array and then to a combinatorial output. 
This delay assumes no expanders are used, register is synchronously 
clocked and all feedback is within the same LAB. This parameter is 
tested periodically by sampling production material. 


10. If data is applied to an I/O input for capture by a macrocell register, 
the I/O pin input set-up time minimums should be observed. These 
parameters are tsj for synchronous operation and tAS 2 for asynchro- 
nous operation. 

1 1. This specification is a measure of the delay associated with the inter- 
nal register feedback path. This is the delay from synchronous clock 
to LAB logic array input. This delay plus the register set-up time, 

ts i , is the minimum internal period for an internal synchronous state 
machine configuration. This delay is for feedback within the same 
LAB. This parameter is tested periodically by sampling production 
material. 

12. This specification indicates the guaranteed maximum frequency, in 
synchronous mode, at which a state machine configuration with ex- 
ternal feedback can operate. It is assumed that all data inputs and 
feedback signals are applied to dedicated inputs. 

13. This specification indicates the guaranteed maximum frequency at 
which a state machine with internal only feedback can operate. If 
register output states must also control external points, this frequen- 
cy can still be observed as long as this frequency is less than l/tcop 
All feedback is assumed to be local, originating within the same 
LAB. 

14. This frequency indicates the maximum frequency at which the de- 
vice may operate in data path mode. This delay assumes data input 
signals are applied to dedicated inputs and no expander logic is used. 

15. This specification indicates the guaranteed maximum frequency, in 
synchronous mode, at which an individual output or buried register 
can be cycled. 

16. This parameter indicates the minimum time after a synchronous reg- 
ister clock input that the previous register output data is maintained 
on the output pin. 
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External Asynchronous Switching Characteristics M Over Operating Range 


Parameters 

Description 

CY7C3 43-30 

CY7C343-35 

CY7C343-40 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

tACOi 

Asynchronous Clock Input to 

Output Delay t 5 ! 

Com’l 


30 


35 



ns 

Mil 


30 


35 


45 

tACC>2 

Asynchronous Clock Input to Local 

Feedback to Combinatorial Output H 7 ! 

Com’l 


50 


60 



ns 

Mil 




60 


70 

tASi 

Dedicated Input or Feedback Setup Time to 
Asynchronous Clock Input [5] 

Com’l 

10 


10 




ns 

Mil 



10 


10 


tAS 2 

I/O Input Setup Time to Asynchronous 
Clock Input [5] 

Com’l 

27 


30 




ns 

Mil 



30 


33 


tAH 

Input Hold Time from Asynchronous 

Clock Inputt 5 ! 




15 




ns 

Mil 



15 


15 


tAWH 

Asynchronous Clock Input High Timet 5 ! 

Com’l 

25 


30 




ns 

Mil 



30 


35 


tAWL 

Asynchronous Clock Input Low Timet 5 ! 

Com’l 

25 


30 




ns 

Mil 



30 


35 


tACF 

Asynchronous Clock to Local 

Feedback Input t 18 ! 

Com’l 


18 


22 



ns 

Mil 




22 


26 

tAP 

External Asynchronous Clock Period 
(tACOi + tASi) or (tAWH + tAWL) 

Com’l 

50 


60 




ns 

Mil 



60 


70 


fMAXAi 

External Maximum Frequency in 
Asynchronous Mode (IAap)! 19 ! 

Com’l 

20 


16.6 




MHz 

Mil 



16.6 


14.2 


Imaxa 2 

Maximum Internal Asynchronous 
Frequency! 22 ] 

Com’l 

20 


16.6 




MHz 

Mil 



16.6 


14.2 


fMAXA3 

Data Path Maximum Frequency in 
Asynchronous Modet 2 '! 

Com’l 

20 


16.6 




MHz 

Mil 



16.6 


14.2 


fMAXA4 

Maximum Asynchronous Register Toggle 
Frequency (l/(tAWH + tAWL))t 2 °! 

Com’l 

20 


16.6 




MHz 

Mil 



16.6 


14.2 


tAOH 

Output Data Stable Time from 

Asynchronous Clock Input! 23 ! 

Com’l 

15 


15 




ns 

Mil 



15 


15 



Notes: 


17. This specification is a measure of the delay from an asynchronous 
register clock input to internal feedback of the register output signal 
to the input of the LAB logic array and then to a combinatorial 
output. This delay assumes no expanders are used in the logic of 
combinatorial output or the asynchronous clock input. The clock 
signal is applied to a dedicated input pin and all feedback is within a 
single LAB. This parameter is tested periodically by sampling pro- 
duction material. 

18. This specification is a measure of the delay associated with the inter- 
nal register feedback path for an asynchronous clock to LAB logic 
array input. This delay plus the asynchronous register setup time, 
tASi, is the minimum internal period for an internal asynchronously 
clocked state machine configuration. This delay is for feedback with- 
in the same LAB, assumes no expander logic in the clock path and 
assumes that the clock input signal is applied to a dedicated input 
pin. This parameter is tested periodically by sampling production 
material. 

19. This specification indicates the guaranteed maximum frequency at 
which an asynchronously clocked state machine configuration with 
external feedback can operate. It is assumed that all data inputs, 
clock inputs, and feedback signals are applied to dedicated inputs 
and that no expander logic is employed in the clock signal path or 
data path. 


20. This specification indicates the guaranteed maximum frequency at 
which an individual output or buried register can be cycled in asyn- 
chronously clocked mode by a clock signal applied to an external 
dedicated input pin. 

21. This frequency is the maximum frequency at which the device may 
operate in the asynchronously clocked data path mode. This specifi- 
cation is determined by the least of l/(tAWH + tAWL). l/(tASi + 
Iah) or 1/tAcop It asssumes data and clock input signals are ap- 
plied to dedicated input pins and no expander logic is used. 

22. This specification indicates the guaranteed maximum frequency at 
which an asynchronously clocked state machine with internal only 
feedback can operate. This parameter is determined by the lesser of 
(l/(tACF + tAs)) or (1/0awh + tAWL))- If register output states 
must also control external points, this frequency can still be observed 
as long as this frequency is less than 1/tACOj- 

This specification assumes no expander logic is utilized, all data in- 
puts and clock inputs are applied to dedicated inputs, and all state 
feedback is within a single LAB. This parameter is tested periodical- 
ly by sampling production material. 

23. This parameter indicates the minimum time that the previous regis- 
ter output data is maintained on the output after an asynchronous 
register clock input. 
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Switching Waveforms 

External Combinatorial 


DEDICATED INPUT/ 
I/O INPUT 


COMBINATORIAL 

OUTPUT 


COMBINATORIAL OR 
REGISTERED OUTPUT 


HIGH IMPEDANCE 
3 -STATE 


X 


- 

tpDI ^ 5 V*PD2^ 

- 

) 

( 


— ♦ [5] J 

*ER 



3 

3 


F 

L 


[5] J 

l EA 

E VALID OUTPUT 


| \ 



HIGH IMPEDANCE 
3 -STATE 


0185-7 


External Synchronous 



0185-8 


External Asynchronous 
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Internal Switching Characteristics ^ Over Operating Range 


Parameters 

Description 

CY7C343-30 

CY7C343-35 

CY7C343-40 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

tlN 

Dedicated Input Pad and 

Buffer Delay 

Com’l 


7 


9 



ns 

Mil 




9 


11 

tio 

I/O Input Pad and Buffer Delay 

Com’l 


5 


7 



ns 

Mil 




7 


9 

tEXP 

Expander Array Delay 

Com’l 


14 


20 



ns 

Mil 




20 


25 

tLAD 

Logic Array Data Delay 

Com’l 


14 


16 



ns 

Mil 




16 


18 

tLAC 

Logic Array Control Delay 

Com’l 


12 


13 



ns 

Mil 




13 


14 

tOD 

Output Buffer and Pad Delay t 24 l 

Com’l 


5 


6 



ns 

Mil 




6 


7 

tzx 

Output Buffer Enable Delay M 

Com’l 


11 


13 



ns 

Mil 




13 


15 

txz 

Output Buffer Disable Delay 

Com’l 


11 


13 



ns 

Mil 




13 


15 

tRSU 

Register Setup Time Relative to 
Clock Signal at Register 

Com’l 

8 


8 




ns 

Mil 



8 


8 


tRH 

Register Hold Time Relative to 
Clock Signal at Register 

Com’l 

8 


12 




ns 

Mil 



12 


14 


tLATCH 

Flow Through Latch Delay 

Com’l 


4 


4 



ns 

Mil 




4 


4 

tRD 

Register Delay 

Com’l 


2 


2 



ns 

Mil 




2 


2 

tCOMB 

Transparent Mode Delay t 27 l 

Com’l 


4 


4 



ns 

Mil 




4 


4 

tCH 

Clock High Time 

Com’l 

10 


12.5 




ns 

Mil 



12.5 


15 


tCL 

Clock Low Time 

Com’l 

10 


12.5 




ns 

Mil 



12.5 


15 



Notes: 

24. toD is specified with Cl = 35 pF. 26. txz is specified with Cl = 5 pF. 

25. tzx is specified with Cl = 35 pF. Sample tested only for an output 27. This specification guarantees the maximum combinatorial delay as- 

change of 500 mV. sociated with the macrocell register bypass when the macrocell is 

configured for combinatorial operation. 
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Internal Switching Characteristics Over Operating Range (Continued) 


Parameters 

Description 

CY7C343-30 

CY7C343-35 

CY7C343-40 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

tic 

Asynchronous Clock Logic Delay 

Comi 


16 


18 



ns 

Mil 




18 


20 

tics 

Synchronous Clock Delay 

Com’l 


2 


3 



ns 

Mil 




3 


4 

tFD 

Feedback Delay 

Com’l 


1 


2 



ns 

Mil 




2 


3 

tPRE 

Asynchronous Register 

Preset Time 

Com’l 


6 


7 



ns 

Mil 




7 


8 

tCLR 

Asynchronous Register 

Clear Time 

Com’l 


6 


7 



ns 

Mil 




7 


8 

tpcw 

Asynchronous Preset and 

Clear Pulse Width 

Com’l 

6 


7 




ns 

Mil 



7 


8 


tpCR 

Asynchronous Preset and Clear 
Recovery Time 

Com’l 

6 


7 




ns 

Mil 



7 


8 


tpiA 

Programmable Interconnect 

Array Delay Time 

Com’l 


16 


20 



ns 

Mil 




20 


24 
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Switching Waveforms (Continued) 
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/ S / V 



* t R0*'" ‘oD *■ 


1 


LIAIA PNOM “V "A 

1 OfilO ARRAY A 7 

k 

X 3 


3 

e 




■* *XZ *■ 

1 

4 ZX ~ *j 


OUTPUT PIN 

) 

i 

HIGH IMPEDANCt 

STATE 

\ 


Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

30 

CY7C343-30HC 

H67 

Commercial 

CY7C343-30JC 

J67 

35 

CY7C343-35HC 

H67 

Commercial 

CY7C343-35JC 

J67 

CY7C343-35HMB 

H67 

Military 

40 

CY7C343-40HMB 

H67 

Military 


Document #: 38-00128 
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PRELIMINARY CY7C344 


'r SEMICONDUCTOR 32-Macrocell MAXTM EPLD 


Features 

• High-performance, high-density 
replacement for TTL, 74HC, and 
custom logic 

• 32 macrocells, 64 expander 
product terms in one LAB 

• 8 dedicated inputs, 16 I/O pins 

• 28-pin 300-mil DIP, Cerdip or 
28-pin HLCC, PLCC package 


Functional Description 

Available in a 28-pin 300-mil DIP or 
windowed J-leaded ceramic chip carri- 
er (HLCC), the CY7C344 represents 
the densest EPLD of this size. 8 dedi- 
cated inputs and 16 bi-directional I/O 
pins communicate to one logic array 
block. In the CY7C344 LAB there are 
32 macrocells and 64 expander product 
terms. Even if all of the I/O pins are 
driven by macrocell registers, there are 
still 16 “buried” registers available. All 
inputs, macrocells, and I/O pins are in- 
terconnected within the LAB. 


The speed and density of the CY7C344 
makes it a natural for all types of appli- 
cations. With just this one device, the 
designer can implement complex state 
machines, registered logic, and combi- 
natorial “glue” logic, without using 
multiple chips. This architectural flexi- 
bility allows the CY7C344 to replace 
multi-chip TTL solutions, whether 
they are synchronous, asynchronous, 
combinatorial, or all three. 


Logic Block Diagram W 


1 5(22) INPUT □- 
1 6(23) INPUT D- 
27(6) INPUT O- 
28(7) INPUT Q- 


MACROCELL 2 


M 

MACROCELL 4 
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M 
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m 

M 
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m 

u 

MACROCELL 10 

m 

M 

MACROCELL 12 

W 

MACROCELL 1 4 


MACROCELL 1 6 

M 

MACROCELL 1 8 

R 

u 

MACROCELL 20 

ft 

M 

MACROCELL 22 

r 

MACROCELL 24 

ft 

kj 

MACROCELL 26 

M 

MACROCELL 28 

ft 

U 

MACROCELL 30 

m 

U 

MACROCELL 32 

R 

u 




i 
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■ 
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M 
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N 
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N 

M 

H 

N 

M 

H 

N 

N 

H 

N 

N 


N 

N 

ft 

N 

N 


N 

N 

B 

N 

M 

U 

N 

M 

m 

N 

M 

■ 

N 

H 


N 

M 


N 

N 


H 

1 


r 


E3 


-□INPUT 1(8) 

-□ INPUT/CLK 2(9) 
-d INPUT 13(20) 

-D INPUT U(21) 



MACROCELL 1 

u 

u 


r 

u 

MACROCELL 3 

ft 

M 

n 

u 

MACROCELL 5 

ft 

M 

u 

MACROCELL 7 

m 

u 

R 

u 

MACROCELL 9 

n 

W 

u 

MACROCELL 1 1 

ft 

M 

u 

MACROCELL 13 

n 

M 

W 

u 

MACROCELL 15 

n 

u 

r 

u 

MACROCELL 1 7 

M 

R 

u 

MACROCELL 19 

r 

M 

R 

u 

MACROCELL 21 

r 

u 

n 

u 

MACROCELL 23 


m 

u 

MACROCELL 25 

M 

m 

u 

MACROCELL 27 

R 

u 

n 

MACROCELL 29 

R 

u 

M 

MACROCELL 31 

n 

M 


64 EXPANDER PRODUCT TERM ARRAY 


SB 

EB 

ES 

EB 

s 

Sfl 

SflHj 

sBi 

EB 

EB 

EB 

EB 

pB 




3(10) 

4(11) 

5(12) 

6(13) 

9(16) 

10(17) 

11(18) 

12(19) 

17(24) 

18(25) 

19(26) 

20(27) 

23(2) 

24(3) 

25(4) 

26(5) 


Pin Configurations 

HLCC 
Top View 



Cerdip 
Top View 




Selection Guide 



7C344-20 

7C344-25 

7C344-35 

Maximum Access Time (ns) 

20 

25 

30 

Maximum Operating 

Commercial 

200 

200 


Current (mA) 

Military 


220 

220 

Maximum Standby 

Commercial 

150 

150 


Current (mA) 

Military 


170 

170 


Vote: 

1 . Figures in ( ) are for J-leaded packages. 

VIAX and MAX + PLUS are trademarks of Altera Corporation. 
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Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 
Storage Temperature — 65°C to + 150°C DC Input \ 

Ambient Temperature with DC Prograi 

Power Applied 0°Cto+70°C 

Maximum Junction Temperature Operatin, 

(Under Bias) 150°C 

Ranee 

Supply Voltage to Ground Potential .... — 2.0V to + 7.0V 

Maximum Power Dissipation 1500mW Commerci 

DC Vcc or GND Current 500 mA Industria 

DC Output Current, per Pin — 25 mA to + 25 mA Military 

Electrical Characteristics Over the Operating Rangel 3 ! 


Test Conditions 


Vcc = Min., Iqh = —4.0 mA 


Vcc = Min., Iql = 8 mA 


GND < Vin < Vcc 


Vo = V C c or GND 


Vcc = Max., Vqut = GND 


Vi = V C c or GND (No Load) 


PRELIMINARY CY7C344 


DC Input Voltage fe! - 2.0V to + 7.0V 

DC Program Voltage —2.0V to + 13.5V 

Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70°C 

5V ± 5% 

Industrial 

— 40°C to +85°C 

5V ± 10% 

Military 

— 55°C to + 125°C (Case) 

5V ± 10% 


Parameters 

Description 

VOH 

Output HIGH Voltage 

VOL 

Output LOW Voltage 

VlH 

Input HIGH Level 

VlL 

Input LOW Level 

Iix 

Input Current 

loz 

Output Leakage Current 

Ios 

Output Short 

Circuit Current 

Icci 

Power Supply 

Current (Standby) 

ted 

Power Supply 

Current 


Vi = V C c or GND (No Load) 
f = 1.0 MHz [4] 


Commercial 


Military 


Commercial 


Military 



Capacitance 


Parameters 

Description 

Test Conditions 

Max. 

ClN 

Input Capacitance 

Vin = 2V,f = 1.0 MHz 

10 

COUT 

Output Capacitance 

VoUT = 2.0V, f = 1.0 MHz 

12 



Notes: 

2. Minimum DC input is —0.3V. During transitions, the inputs may 
undershoot to — 2.0V for periods less than 20 ns. 

3. Typical values are for Ta = 25°CandVcc = 5V. 


AC Test Loads and Waveforms^ 


INCLUDING — 
JIG AND ~ 
SCOPE 


4. Measured with device programmed as a 16-bit counter. This parame- 
ter is tested periodically by sampling production material. 

5. Figure la test load used for all parameters except t£R and tgA- Figure 
lb test load used for tgR and tgA- All external timing parameters are 
measured referenced to external pins of the device. 


Input Pulses 



Figure la 


Figure lb 


Figure 2 


Equivalent to: 


THEVENIN EQUIVALENT (Commercial/Military) 
16311 
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CY7C344 Timing Model 


-H EXPANDER 
♦I DELAY 

a *exp 


INPUT 

DELAY 

*IN 


+ LOGIC ARRAY 
J CONTROL DELAY 
+ *uc 


♦ LOGIC ARRAY 

* DELAY 

I ‘UD 


SYSTEM CLOCK DELAY t 


ICS 


*CLR 

*PRE 


*RSU 

*RH 


I/O 




I/O 

INPUT DELAY 
*ID 


-► 

■> 

> 


CLOCK DELAY 
*IC 



OUTPUT 

DELAY 


*OD 

‘xz 

*zx 



FEEDBACK I 

DELAY U 

*FD 


0184-4 


Timing Delays 

Timing delays within the CY7C344 may be easily deter- 
mined using MAX + PLUS™ software or by the model 
shown in Figure 3. The CY7C344 has fixed internal delays, 
allowing the user to determine the worst case timing delays 
for any design. For complete timing information the 
MAX + PLUS software provides a timing simulator. 

Design Recommendations 

Operation of the devices described herein with conditions 
above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these 
or any other conditions above those indicated in the opera- 
tional sections of this data sheet is not implied. Exposure to 
absolute maximum ratings conditions for extended periods 
of time may affect device reliability. The CY7C344 con- 
tains circuitry to protect device pins from high static volt- 
ages or electric fields; however, it is advised that normal 
precautions be taken to avoid application of any voltage 
higher than maximum rated voltages. 

For proper operation, input and output pins must be con- 
strained to the range GND (Vin or Vout) Vcc- Unused 
inputs must always be tied to an appropriate logic level 
(either Vcc or GND). Each set of Vcc and GND pins 
must be connected together directly at the device. Power 
supply decoupling capacitors of at least 0.2 ju,F must be 
connected between Vcc and GND. For the most effective 
decoupling, each Vcc pin should be separately decoupled. 


Timing Considerations 

Unless otherwise stated, propagation delays do not include 
expanders. When using expanders add the maximum ex- 
pander delay tEXP to the overall delay. 

When calculating synchronous frequencies, use tsj if all 
inputs are on the input pins. ts 2 should be used if data is 
applied at an I/O pin. If ts 2 is greater than tcop 
l/ts 2 becomes the limiting frequency in the data path 
mode unless l/(twH + twL) is less than l/ts 2 . 

When expander logic is used in the data path, add the 
appropriate maximum expander delay, tEXP to tsj. Deter- 
mine which of l/(twH + twL)> 1/tcOp or l/(tEXP + tsj) 
is the lowest frequency. The lowest of these frequencies is 
the maximum data path frequency for the synchronous 
configuration. 

When calculating external asynchronous frequencies, use 
tASi if a H inputs are on dedicated input pins. If any data is 
applied to an I/O pin, tAS 2 must be used as the required set 
up time. If (tAS 2 + tAH) is greater than tACOp l/(tAS 2 + 
tAH) becomes the limiting frequency in the data path mode 
unless l/(tAWH + t awl) is less than l/(tAS 2 + tAH)- 

When expander logic is used in the data path, add the 
appropriate maximum expander delay, tEXP to tASp 
Determine which of l/(tAWH + tAWL)> 1/tACOp or 
l/(tEXP + tASi) * s the l owest frequency. The lowest of 
these frequencies is the maximum data path frequency for 
the asynchronous configuration. 
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Timing Considerations (Continued) 

The parameter toH indicates the system compatibility of 
this device when driving other synchronous logic with posi- 
tive input hold times, which is controlled by the same syn- 
chronous clock. If toH is greater than the minimum re- 
quired input hold time of the subsequent synchronous log- 
ic, then the devices are guaranteed to function properly 
with a common synchronous clock under worst-case envi- 
ronmental and supply voltage conditions. 

The parameter tAOH indicates the system compatibility of 
this device when driving subsequent registered logic with a 
positive hold time and using the same clock as the 
CY7C344. 


In general, if tAOH is greater than the minimum required 
input hold time of the subsequent logic (synchronous or 
asynchronous) then the devices are guaranteed to function 
properly under worst-case environmental and supply volt- 
age conditions, provided the clock signal source is the 
same. This also applies if expander logic is used in the 
clock signal path of the driving device, but not for the 
driven device. This is due to the expander logic in the sec- 
ond device’s clock signal path adding an additional delay 
(t£XP) causing the output data from the preceding device 
to change prior to the arrival of the clock signal at the 
following device’s register. 


External Synchronous Switching Characteristics ^ Over Operating Range 


Description 


Dedicated Input to Combinatorial 
Output Delay t 6 l 


I/O Input to Combinatorial 
Output Delay 17] 


Dedicated Input to Combinatorial 
Output Delay with Expander Delay! 8 ! 


I/O Input to Combinatorial 
Output Delay with Expander Delay! 9 ! 


Input to Output Enable Delay 


Input to Output Disable Delay 


Synchronous Clock Input to 
Output Delay 


Synchronous Clock to Local 
Feedback to Combinatorial Output! 10 ! 


Dedicated Input or Feedback Setup Time 
to Synchronous Clock Input 


Input Hold Time from Synchronous 
Clock Input! 5 ! 


Synchronous Clock Input High Time 


Synchronous Clock Input Low Time 


Asynchronous Clear Width 


Asynchronous Clear Recovery Time 


Asynchronous Clear to Registered 
Output Delay 


Asynchronous Preset Width 


Asynchronous Preset Recovery Time 


CY7C344-20 CY7C344-25 CY7C344-35 


Min. I Max. Min. Max. Min. Max. 
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External Synchronous Switching Characteristics^ Over Operating Range (Continued) 


Parameters 

Description 

CY7C344-20 

CY7C344-25 

CY7C344-35 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

tpo 

Asynchronous Preset to Registered 

Com’l 


23 


28 



ns 

Output Delay 

Mil 




28 


33 

tCF 

Synchronous Clock to Local 

Com’l 


4 


7 



ns 

Feedback Input^ 

Mil 




7 


13 

tp 

External Synchronous Clock Period 

Com’l 

24 


30 




ns 

(tcOi + ts) 

Mil 



30 


44 


fMAXi 

External Maximum Frequency 

Com’l 

41.6 


33.3 




MHz 

(l/(tcoi + 

Mil 



33.3 


22.7 


fMAX 2 

Maximum Frequency with Internal Only 

Com’l 

62.5 


45.4 




MHz 

Feedback (l/(tcF + ts))^ 13 ^ 

Mil 



45.4 


29.4 


(MAX 3 

Data Path Maximum Frequency, least of 

Com’l 

71.4 


57.1 




MHz 

l/(tWL + twH). (l/(tsi + tH)) or (l/tcOi)f 14 ' 

Mil 



57.1 


42.5 


fMAX 4 

Maximum Register Toggle Frequency 

Com’l 

71.4 


62.5 




MHz 

l/(tWH + twL,)^ 

Mil 



62.5 


50.0 


tOH 

Output Data Stable Time from 

Com’l 

3 


3 




ns 

Synchronous Clock Input l 16 ! 

Mil 



3 


3 



Notes: 


6. This parameter is the delay from an input signal applied to a dedicat- 
ed input pin to a combinatorial output on any output pin. This delay 
assumes no expander terms are used to form the logic function. 

7. This parameter is the delay associated with an input signal applied to 
an I/O macrocell pin to any output. This delay assumes no expander 
terms are used to form the logic function. 

8. This parameter is the delay associated with an input signal applied to 
a dedicated input pin to combinatorial output on any output pin. 

This delay assumes expander terms are used to form the logic func- 
tion and includes the worst-case expander logic delay for one pass 
through the expander logic. This parameter is tested periodically by 
sampling production material. 

9. This parameter is the delay associated with an input signal applied to 
an I/O macrocell pin to any output pin. This delay assumes expan- 
der terms are used to form the logic function and includes the worst- 
case expander logic delay for one pass through the expander logic. 
This parameter is tested periodically by sampling production materi- 
al. 

10. This specification is a measure of the delay from synchronous regis- 
ter clock input to internal feedback of the registered output signal to 
a combinatorial output for which the registered output signal is used 
as an input. This parameter assumes that no expanders are used in 
the logic of the combinatorial output and the register is synchronous- 
ly clocked. This parameter is tested periodically by sampling produc- 
tion material. 


11. This specification is a measure of the delay associated with the inter- 
nal register feedback path. This delay plus the register setup time, ts, 
is the minimum internal period for an internal state machine config- 
uration. This parameter is tested periodically by sampling produc- 
tion material. 

12. This specification indicates the guaranteed maximum frequency at 
which a state machine configuration with external only feedback can 
operate. 

13. This specification indicates the guaranteed maximum frequency at 
which a state machine with internal only feedback can operate. If 
register output states must also control external points, this frequen- 
cy can still be observed as long as it is less than l/tcop This specifi- 
cation assumes no expander logic is used. This parameter is tested 
periodically by sampling production material. 

14. This frequency indicates the maximum frequency at which the de- 
vice may operate in data path mode (dedicated input pin to output 
pin). This assumes that no expander logic is used. 

15. This specification indicates the guaranteed maximum frequency in 
synchronous mode, at which an individual output or buried register 
can be cycled by a clock signal applied to either a dedicated input pin 
or an I/O pin. 

16. This parameter indicates the minimum time after a synchronous reg- 
ister clock input that the previous register output data is maintained 
on the output pin. 
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External Asynchronous Switching Characteristics^ Over Operating Range 


Parameters 

Description 

CY7C344-20 

CY7C344-25 

CY7C344-35 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

tACOi 

Asynchronous Clock Input to 

Output Delay 

Com’l 


20 


25 



ns 

Mil 




25 


35 

tAC 02 

Asynchronous Clock Input to Local 

Feedback to Combinatorial Output t 17 l 

Com’l 


38 


46 



ns 

Mil 




46 


62 

tAS 

Dedicated Input or Feedback Setup Time to 
Asynchronous Clock Input 

Com’l 

9 


12 




ns 

Mil 



12 


15 


tAH 

Input Hold Time from Asynchronous 

Clock Input 

Com’l 

9 


12 




ns 

Mil 



12 


17.5 


tAWH 

Asynchronous Clock Input High Time 

Com’l 

15 


20 




ns 

Mil 



20 


30 


tAWL 

Asynchronous Clock Input Low Time 

Com’l 

15 


20 




ns 

Mil 



20 


30 


tACF 

Asynchronous Clock to Local 

Feedback Input It 8 ) 

Com’l 


18 


21 



ns 

Mil 




21 


27 

tAP 

External Asynchronous Clock Period 
(tACOi + Us) or (tAWH + tAWL) 

Com’l 

30 


40 




ns 

Mil 



40 


60 


fMAXAi 

External Maximum Frequency in 
Asynchronous Mode (1/tAp)^ 19 ^ 

Com’l 

33.3 


25.0 




MHz 

Mil 



25.0 


16.6 


fMAXA 2 

Maximum Internal Asynchronous 

Frequency l/(tACF + tAs)^ 

Com’l 

33.3 


25.0 




MHz 

Mil 



25.0 


16.6 


CMAXA 3 

Data Path Maximum Frequency in 
Asynchronous Model 21 ] 

Com’l 

33.3 


25.0 




MHz 

Mil 



25.0 


16.6 


fMAXA 4 

Maximum Asynchronous Register Toggle 
Frequency l/(tAWH + tAWL) [20] 

Com’l 

33.3 


25.0 




MHz 

Mil 



25.0 


16.6 


tAOH 

Output Data Stable Time from 

Asynchronous Clock Input I 23 ) 

Com’l 

15 


15 




ns 

Mil 



15 


15 



Notes: 


17. This specification is a measure of the delay from an asynchronous 
register clock input to internal feedback of the registered output sig- 
nal to a combinatorial output for which the registered output signal 
is used as an input. Assumes no expanders are used in logic of combi- 
natorial output or the asynchronous clock input. This parameter is 
tested periodically by sampling production material. 

18. This specification is a measure of the delay associated with the inter- 
nal register feedback path for an asynchronously clocked register. 
This delay plus the asynchronous register setup time, tAS> is the 
minimum internal period for an asynchronously clocked state ma- 
chine configuration. This delay assumes no expander logic in the 
asynchronous clock path. This parameter is tested periodically by 
sampling production material. 

19. This parameter indicates the guaranteed maximum frequency at 
which an asynchronously clocked state machine configuration with 
external feedback can operate. It is assumed that no expander logic is 
employed in the clock signal path or data input path. 


20. This specification indicates the guaranteed maximum frequency at 
which an individual output or buried register can be cycled in asyn- 
chronously clocked mode by a clock signal applied to either a dedi- 
cated input or an I/O pin. 

21. This specification indicates the guaranteed maximum frequency at 
which an individual output or buried register can be cycled in asyn- 
chronously clocked mode. If this frequency is less than IAacOi 

or l/(tAH + Ias)- It also indicates the maximum frequency at which 
the device may operate in the asynchronously clocked data path 
mode. Assumes no expander logic is used. 

22. This specification indicates the guaranteed maximum frequency at 
which an asynchronously clocked state machine with internal only 
feedback can operate. If register output states must also control ex- 
ternal points, this frequency can still be observed as long as this 
frequency is less than 1/tACOp This specification assumes no expan- 
der logic is utilized. This parameter is tested periodically by sampling 
production material. 

23. This parameter indicates the minimum time that the previous regis- 
ter output data is maintained on the output pin after an asynchro- 
nous register clock input to an external dedicated input or I/O pin. 
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Switching Waveforms 

External Combinatorial 



External Asynchronous 


DEDICATED INPUTS OR 
REGISTERED FEEDBACK 


ASYNCHRONOUS 
CLOCK INPUT 


ASYNCHRONOUS 

CLEAR/PRESET 


ASYNCHRONOUS REGISTERED 
OUTPUTS 


COMBINATORIAL OUTPUT FROM 
ASYNCHRONOUS REGISTERED FEEDBACK^ 17 ! 
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Internal Switching Characteristics Over Operating Range 


Description 


Dedicated Input Pad and 
Buffer Delay 


I/O Input Pad and Buffer Delay 


Expander Array Delay 


Logic Array Data Delay 


Logic Array Control Delay 


Output Buffer and Pad Delay! 24 ! 


Output Buffer Enable Delay t 25 ! 


Output Buffer Disable Delay! 26 ! 


Register Setup Time Relative to 
Clock Signal at Register 


Register Hold Time Relative to 
Clock Signal at Register 


Flow Through Latch Delay 


Register Delay 


Transparent Mode Delay! 27 ! 


Clock High Time 


Clock Low Time 


Asynchronous Clock Logic Delay 


Synchronous Clock Delay 


Feedback Delay 


Asynchronous Register 
Preset Time 


Asynchronous Register 
Clear Time 


Asynchronous Preset and 
Clear Pulse Width 


Asynchronous Preset and Clear 
PCR Recovery Time 


Notes: 

24. toD is specified with Cl = 35 pF. 

25. tzx is specified with Cl = 35 pF. Sample tested only for an output 
change of 500 mV. 


CY7C344-20 


CY7C344-25 


CY7C344-35 



26. txz is specified with Cl = 5 pF. 

27. This specification guarantees the maximum combinatorial delay as- 
sociated with the macrocell register bypass when the macrocell is 
configured for combinatorial operation. 
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Switching Waveforms (Continued) 
Internal Synchronous (Output Path) 


CLOCK FROM 
LOGIC ARAY 


/ 


\ / 


\ 



'OD - - 




DA 1 A 1R0M V" \ 

i nm r appay A 7 


x — ) 

{ 3 

( 




<XZ — 


r— ‘zx - " 


OUTPUT PIN 3 

i ) 

HIGH 1 

C 


Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

20 

CY7C344-20PC 

P21 

Commercial 

CY7C344-20DC 

D22 

CY7C344-20WC 

W22 

CY7C344-20HC 

H64 

CY7C344-20JC 

J64 

25 

CY7C344-25PC 

P21 

Commercial 

CY7C344-25DC 

D22 

CY7C344-25WC 

W22 

CY7C344-25HC 

H64 

CY7C344-25JC 

J64 

CY7C344-25HMB 

H64 

Military 

CY7C344-25WMB 

W22 

35 

CY7C344-35HMB 

H64 

Military 

CY7C344-35WMB 

W22 


Document #: 38-00127 
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ijs CYPRESS 

" "_ZZ'=r SEMICONDUCTOR Ultra High Speed State 

Machine EPLD 

Features 


• High speed: 125 MHz 
conditional state control 
sequence generation 

— Multiple, concurrent 
processes 

— Multiway branch or join 
— Full input field decode 

• 32 synchronous macrocells 

• Skew-controlled, OR output 
array 

— Outputs are sum of states 
like PLA 

— 3 ns skew 

• Metastable hardened input 
registers 

— 10 year MTBF metastable 
— Configurable as 0, 1 or 2 

stages 

— Clock enables on all input 
registers 


• 8 to 12 inputs, 10 to 14 outputs, 
1 clock 

• Programmable clock doubler and 
conditioner 

— ‘Squares up’ input clock 

• Security fuse 

• Space saving 28 pin slim-line 
DIP package; also available in 
28 pin PLCC 

• Low power “L” versions 

— 150 m A max at 125 MHz 

• UV-erasable and 
reprogrammable 

• Programming and operation 
100% testable 

Product Characteristics 

The CY7C361 is a CMOS erasable, 
programmable logic device (EPLD) 


with very high speed sequencing and 
arbitration capabilities. 

Applications include: cache and I/O 
subsystem control for high speed mi- 
croprocessor based systems, control of 
high speed numeric processors, and 
control of asynchronous systems in- 
cluding dataflow organizations. 

An onboard clock doubler and condi- 
tioning circuit allows the device to op- 
erate at 125 MHz based on a 62.5 MHz 
input reference. The same circuit 
guards against asymmetric clock wave- 
forms and thus allows for the use of a 
clock with an imperfect duty cycle. The 
CY7C361 has two arrays which serve 
in function similar to the arrays in a 
PLA except that the registers are 
placed between the two arrays and the 
long feedback path of the PLA is elimi- 
nated. 



Block Diagram 


B 2 l 7 l 6 l 5 U l 3 OND V cc l 2 I, CLK l 0 B, B 0 



0 3 P 0 P, P 2 M 0 M, GND Vcc GND M 2 M 3 p 3 P * P S 0165-1 


LCC, PLCC and 
HLCC Pinout 
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Selection Guide 


Generic 

Part 

Number 

Ice inA at fMAX 

fMAX MHz 

tis ns 

tcons 

Com 

Com “L” 

Mil 

Mil “L” 

Com 

Mil 

Com 

Mil 

Com 

Mil 

CY7C361-125 

200 

150 



125.0 


2 


15 


CY7C36 1-100 

200 

150 

200 

150 

100.0 

100.0 

3 

3 

19 

19 

CY7C361-83 


150 


150 

83.3 

83.3 

5 

5 

23 

23 

CY7C361-66 


150 


150 

66.6 

66.6 

5 

5 

25 

25 
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Product Characteristics (Continued) 

In the CY7C361, the state information is contained in 32 
macrocells sandwiched between the input and output ar- 
rays. The current state information is fed back in time to 
keep up with the 125 MHz operating frequency. 

The output array performs an OR function over the state 
macrocell outputs. The signals from the output array are 
connected to 14 outputs; in addition they are connected to 
3 groups of input macrocells to act as clock enables. 

Input Macrocells 

The CY7C361 has 12 input macrocells. Each macrocell 
can be configured to have 0, 1 or 2 registers in the path of 
the input data. In the configuration where there is no input 
register, the setup time requirement is largest. In the single 
register configuration, the setup time is less than half. The 
double register configuration is used for asynchronous in- 
puts. 


’-Id gI— 1— Id gI 




DATA-*-|D 
CLOCK 1> 


I 


TO 

• INPUT 
ARRAY 


n 

Cl CO 


Figure 1. Input Macrocell 


Input Register Enables 

The input macrocells are divided into 3 groups, each of 
which has a register clock enable signal coming from the 
output array. The purpose of the enable signal is to allow 
the inputs to be sampled at times controlled by the state of 
the device. 

There is one enable signal per group of input macrocells. 
The assignment of enable signal node numbers to input 
macrocell groups is as follows: 

Input Nodes Enable Node 

3, 5, 6, 9 29 

10,11,12,13 30 

1,2,14,15 31 

When the enable node is true, data is clocked into the regis- 
ters of the input macrocells on the rising edge of the inter- 
nal global clock. 

Metastable Immunity 

A high level of metastable immunity is afforded in the dou- 
ble register configuration. The CY7C361 input registers are 
of fast CMOS and resolve inputs in a minimal amount of 
time. With all inputs switching at the maximum frequency, 
one metastable event capable of violating the setup time 
window of the second input register occurs every 10 years. 
The probability of failure for the configured state machine 
is much lower than this calculation suggests, because there 
are more registers in the device and thus more decision 
time is allowed. No state machine failures due to metasta- 
ble phenomena will be observed if the maximum frequency 
and double register operating mode are used. 

The CY7C361 is thus a superior device for constructing 
state machines requiring arbitration. 

Input Array 

The input array has 41 condition decoders: one global reset 
decoder, 8 local reset decoders, and 32 macrocell decoders. 


The array has 44 true/complement inputs or 88 inputs in 
total; for speed reasons, the feedback signals are folded. 

Folding or partitioning of the feedback part of the array 
reduces the number of inputs per decoder to 56. Because of 
the way the feedback signals are used, this array reduction 
has minimal impact on utility. 

The CY7C361 condition decoder is shown in Figure 2. In a 
conventional PLA or PAL device, only PRODUCT 1 
would be present in the first array and the output and 
feedback would be encoded by a second programmable or 
fixed OR array. The speed of state machines made from 
these conventional devices is limited mainly by the feed- 
back path. 


OUTPUT 


0165-4 

Figure 2. Condition Decoder 

The condition decoder of the CY7C361 forms a product of 
a product and a sum over the input field. Since there is 
immediate feedback information in the input field, multi- 
way fork and join operations can be performed using this 
type of condition decoder. State transitions can be made in 
half the time because there is no “state encoding” delay. 

State Machine Macrocells 



COND. 

DECODE 

STATE 

INPUT 


LOCAL LOCAL 

C_IN RESET RESET CLOCK 

1111 



1111 

C_0UT LOCAL GLOBAL CLOCK 
RESET RESET 


Figure 3. CY7C361 Macrocell 


. OR 
ARRAY 


0165-5 


The CY7C361 has 32 state macrocells. The state macro- 
cells each have a single condition decode and share a com- 
mon clock and global reset condition. For each 4 macrocell 
group there is a local reset condition. 
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Product Characteristics (Continued) 

There are 3 macrocell configurations, named START, 
TERMINATE and TOGGLE. The purpose of the START 
configuration is to create a “token” based on a condition 
decode. The purpose of the TERMINATE configuration is 
to capture a token and maintain it until a particular condi- 
tion is decoded, then terminate the token. The TOGGLE 
configuration is used to make counters. 

The start configuration creates a token at the leading edge 
of the condition decode or C IN. The token is represent- 

ed by a true output on the macrocell register going to the 
output array and back as feedback to the input array. The 
CY7C361 consists of multiple machines or processes run- 
ning concurrently, each with zero, one or more tokens ac- 
tive at a given time. As the output field is independent, the 
programmed pattern in the two arrays is one to one trans- 
latable to microcode. The microcode is concurrent in oper- 
ation. 

In addition to the main register going to the array, there is 
an R-S latch in the feedback path. The purpose of the R-S 
latch is to convert the input condition to a pulse. 

In operation, the start macrocell starts from a reset condi- 
tion (array input = FALSE). When a condition decode 

“fires” or a token carries in (C IN), the register output (Q 

going to array) goes true for exactly one cycle. The OR of 

the condition decode and the C IN signal must go 

FALSE before the start configuration can “fire” again. 

Configuration bit C2 is used in all state macrocells to select 
C IN to be active (C2 = 0) or inactive (C2 = 1). 

For the topmost macrocell (N32), the C2 bit is used to 
specify a reset option. If the bit is ‘O’, then for the cycle 

immediately following a reset, the C IN for this macro- 

cell will be true. At all other times, or if the C2 bit is T, 

the C IN signal will remain false. Note that this option 

facilitates efficient startup of state machines. 



CO, Cl = 1,0: TERMINATE 

Figure 5. Terminate Configuration 

Figure 5 shows the terminate configuration which is used 
to maintain state tokens until a condition occurs. 

In operation, the terminate configuration “captures” a to- 
ken via C — IN and the OR gate. The condition decode is 
normally false or 0 so the token circulates and the register 
stays set. When the condition decode “fires”, the register 
resets. 

The third configuration, TOGGLE, is for counting and 

signalling. If the condition decode or the C IN signal is 

true, then the register will toggle. The TOGGLE configu- 
ration is intended to make counters and state machines 
with simple control requirements. 



Figure 6. Toggle Configuration 


There is one local reset signal for each group of 4 macro- 
cells. The local reset condition decoders will only work 
with TOGGLE configurations. 


The Output Section 

There are 3 types of outputs: normal, bidirectional and 
Mealy. All 3 types can function as normal outputs, but two 
types — the bidirectional type and the Mealy type — can be 
used for other purposes. The bidirectional type can be used 
as an input and the Mealy type can be used as a fast combi- 
national output. 

The different types of output structures are shown in Fig- 
ure 7. Note that the only output type that has configura- 
tion information to be programmed is the Mealy type. 



OR TERM \_J\a_ NORMAL 

' OUTPUT 



Figure 7. Output Types 


A normal output signal from the device is a boolean sum of 
a subset of the macrocell outputs. The subset selection is 
programmed into the output array. The number of state 
machines in the device, and the output mappings of each 
are determined by the user. The architecture is thus “hori- 
zontally divisible” and offers advantages in coding efficien- 
cy and event response time over the non-divisible architec- 
tures found in most PLA and sequencer types. 

A normal output pin is low asserted. The output gate per- 
forms an OR function over the flip-flop outputs of the state 
macrocells. The OR function includes only the outputs 
which are programmably connected to the OR line in the 
output array. When none of the connected state macrocell 
flip-flops are in the true or set condition, the output is high. 
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Product Characteristics (Continued) 

If any connected macrocell flip-flop is asserted (or true) 
then the OR gate function is true and the output pin is low. 

Forcing a false condition is easily accomplished by not con- 
necting any state macrocells to the OR line. To force a true 
condition, line 33 (labelled Vcc) is included in the output 
array. Any OR line connected to line 33 will be permanent- 
ly true which will cause a normal output to be low. 

The bidirectional outputs are I/O pins which may be used 
as either inputs or outputs. Under state machine control, 
these pins may be tristated and used as inputs or outputs 
depending on how the OE term is programmed. 

Each bidirectional output has an OE or output enable con- 
trol and an associated input path to the first array. The OE 
control is an OR term from the output array which enables 
the output when the OR function is true. Thus, an OE 


which has its OR term connected to line 33 will turn the 
output on permanently. 

The Mealy outputs are designed to implement the fastest 
possible path between an input to the device and an output. 
Functions are available which combine the OR term and 
an input signal. These functions, XOR, AND, and OR, 
with true or negated assertion levels, are useful for data 
strobes and semaphore operations where signalling occurs 
depending on the state, but independent of a signal tran- 
sition. 

The AND and OR functions can be used to gate data 
strobe signals by the state. The XOR function can be used 
to implement 2 cycle signalling, which is used in self-timed 
systems to minimize signalling delays. If these functions 
are not needed, then the Mealy outputs can be configured 
as normal outputs. 


Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 

Storage Temperature — 65°C to + 150°C Output Current into Outputs (Low) 8 mA 


Ambient Temperature with 

Power Applied '....— 55°C to + 125°C 

Supply Voltage to Ground Potential 

(DIP Pins 7 or 22 to Pins 8, 21 or 23) ... -0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State —0.5V to + 7.0V 

DC Voltage Applied to Outputs 

During Programming 0.0V to +7.0V 

DC Input Voltage - 3.0V to + 7.0V 

DC Programming Voltage 13.0V 


UV Exposure 7258 Wsec/cm 2 

Static Discharge Voltage > 2001V 

(per MIL-STD-883, Method 3015.2) 


Latchup Current > 200 mA 

Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 75°C 

5V ± 10% 

Military 

— 55°C to +125-C 

5V ± 10% 


Electrical Characteristics Over Operating Range 


Parameters 

Description 

Test Conditions 

Min. 

Max. 

Units 

VOH 

Output HIGH Voltage 

Vcc = Min., 

Vin = ViHor Vil 

Ioh = — 4.0 mA 

2.4 


D 

V 0 L 

Output LOW Voltage 

Vcc = Min., 

Vin = Vih or Vil 

lOL — 8.0 mA 


0.4 

D 

VlH 

Input HIGH Level 

Guaranteed HIGH Input, All Inputs! 1 ! 

2.2 


V 

VlL 

Input LOW Level 

Guaranteed LOW Input, All Inputs! 1 ! 


0.8 

V 

Iix 

Input Leakage Current 

Vss < Vin < Vcc> Vcc = Max. 

-10 

10 

ju.A 

loz 

Output Leakage Current 

Vcc = Max., Vss < Vout < Vcc 

-40 

40 

ju.A 

isc 

Output Short Circuit Current 

Vcc = Max., Vout = 0.5V! 2 ! 

-30 

-110 

mA 

Icc 

Power Supply Current 

Vcc = Max., Vin = GND, 
Outputs Open, 

Operating at f = fMAX 

Commercial “L” 

■ 

150 

mA 

Military “L” 

Commercial 

■ 

200 

mA 

Military 


Notes: 

1 . These are absolute values with respect to device ground and all over- 2. Not more than one output should be tested at a time. Duration of the 

shoots due to system or tester noise are included. short circuit should not be more than one second. Vout = 0.5V has 

been chosen to avoid test problems caused by tester ground degrada- 
tion. 
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AC Test Loads and Waveforms 

R1, 481X1 


OUTPUT O 



Figure 8a 

Equivalent to: THEVENIN EQUIVALENT 


R1 , 481X1 



Input Pulses 


~ TFaw =r 90 ’ 

3T 1 , 0% X- 


90% 

10 % 


I—- 

Figure 9 


■s 3ns 
0165-14 


167X1 


-0 1 .73V 


Switching Characteristics! 7 ] 


Parameters 

Description 

Commercial 

Military 

Units 

-125 

-100 

-83 

-66 

-100 

-83 

-66 















tpDit 13 ! 

Input to Mealy 

Output Delay 

2 

9 

2 

11 

2 

12 

2 

15 

2 

ii 


B 

2 

15 

ns 

tPD2^ 14 ^ 

Input to Mealy 

Output Delay 

2 

8 

2 

10 

2 

11 

2 

14 

2 

10 

2 

12 

2 

14 

ns 

tcoi^ 3 ’ 13 ^ 

Clock to Output Delay 

5 

m 

a 

D 

B 

B 

B 

B 

B 

■a 

B 


B 

B 

flfl 

tC02^ 3, 14 ^ 

Clock to Output Delay 

5 

□ 

a 

m 

n 


B 

El 

5 

B 

B 

El 

5 

24 


tCMl [3 ’ 13] 

Clock to Mealy 

Output Delay 

fl 

17 

5 

20 

5 

25 

5 

28 

B 

21 

5 

25 

5 

28 

ns 

tCM2 [3 ’ 14] 

Clock to Mealy 

Output Delay 

5 

16 

5 

19 

5 

24 

fl 

27 

5 

20 

5 

24 

5 

27 

ns 

tl S t3] 

Input Register 

Input Set Up Time 

2 


fl 


5 


5 


3 




5 


ns 

tlH^ 

Input Register 

Input Hold Time 

fl 


D 

■ 

5 


5 

■ 

D 

■ 



5 


ns 

t S [3> 4 1 

State Register 

Input Set Up Time 

0 

■ 

9 


12 


14 


9 


12 


14 


ns 

tn I 3 > 4] 

State Register 

Input Hold Time 

0 


0 


0 


0 


0 


0 


0 


ns 

twH [6] 

Input Clock 

Pulse Width HIGH 

6 

■ 

fl 

■ 

9 


11 

■ 

D 



fl 

11 


ns 

tWL^ 

Input Clock 

Pulse Width LOW 

6 

■ 

D 

■ 

9 


11 



■ 

9 


11 


ns 

tsoi [3, 

Output Skew 


4 


5 


6 


6 


5 


6 


6 

^1 

tS02^ 3 ’ 12 ^ 

Output Skew 


3 


4 


5 


5 


4 


5 


5 


tSMl^ 3 ’ 15] 

Mealy Output Skew 


4 


D 


6 


6 


5 


6 


6 


tSM2^ 3, 16] 

Mealy Output Skew 

mm 

Dl 


4 


5 


5 


4 


5 


5 

B 

fMAX [5] 

Output Maximum 
Frequency 

125.0 


100.0 


83.3 


66.6 


100.0 


83.3 


66.6 


MHz 

tCER^ 3 ’ 71 

Clock to Output 

Disable Delay 


16 


20 


22 


25 


20 


22 


25 

ns 

tCEA^ 3 ’ 8 ’ 

Clock to Output 

Enable Delay 


16 


20 


22 


25 


20 


22 


25 

ns 
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Notes: 

3. Minimum clock pulse width 8 ns Commercial, 10 ns Military for 
measurement. Periodically sampled. 

4. Input register bypassed. 

5. Input clock frequency is % fMAX when clock doubler is used. 

6. The clock input is tested to accommodate a 60/40 duty cycle wave- 
form at the maximum frequency. 

7. Output reference point on AC measurements is 1.5V, except as noted 
in Figure 12 : 

tCER(-) negative going is measured at Voh — 0.5V. 
tCER(+) positive going is measured at Vol + 0.5V. 

8. R1 is disconnected for tcEA(+) positive going (open circuited). (See 
Figures 8a and 8b). 

9. R2 is disconnected for tcEA(-) negative going (open circuited). (See 
Figures 8a and 8b). 

10. Figure 8a test load is used for all parameters except tcEA and tcER’ 
Figure 8b test load is used for tcEA and tcER- 

1 1 . This parameter specifies the maximum allowable tco clock to output 
delay difference, or skew, between any two outputs triggered by the 
same clock edge with all other device outputs changing state within 
the same clock cycle. 


12. This parameter specifies the maximum allowable tco clock to output 
delay difference, or skew, between any two outputs triggered by the 
same clock edge with only the two device outputs changing state 
within the same clock cycle. 

13. This specification is guaranteed for the worst case programmed pat- 
tern for which all device outputs are changing state on a given access 
or clock cycle. 

14. This specification is guaranteed for two or fewer outputs changing 
state in a given access or clock cycle. 

15. This parameter specifies the maximum allowable tpo difference be- 
tween any two mealy outputs triggered by the same or simultaneous 
input signals with all other device outputs changing state within the 
same access or clock cycle. 

16. This parameter specifies the maximum allowable tpD difference be- 
tween any two mealy outputs triggered by the same or simultaneous 
input signals with only the two device outputs changing state within 
the given access cycle. 
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Figure 11a. CY7C361 Block Diagram (Upper Half) 
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Output Waveform — Measurement Level 
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Icc m A 

fMAX MHz 

Ordering Code 

Package 

Type 

Operating 

Range 

200 

125.0 

CY7C361-125PC 

P21 

Commercial 



CY7C361-125WC 

W22 




CY7C361-125JC 

J64 




CY7C361-125HC 

H64 


150 

125.0 

CY7C36 1 L- 1 25PC 

P21 

Commercial 



CY7C361L-125WC 

W22 




CY7C36 1 L- 1 25 JC 

J64 




CY7C361L-125HC 

H64 


200 

100.0 

CY7C361-100PC 

P21 

Commercial 



CY7C361-100WC 

W22 




CY7C361-100JC 

J64 




CY7C36 1 - 100HC 

H64 


150 

100.0 

CY7C361L-100PC 

P21 

Commercial 



CY7C361L-100WC 

W22 




CY7C361L-100JC 

J64 




CY7C361L-100HC 

H64 


200 

100.0 

CY7C361-100WMB 

W22 

Military 



CY7C361-100DMB 

D22 




CY7C361-100QMB 

Q64 




CY7C361-100LMB 

L64 




CY7C361-100HMB 

H64 


150 

100.0 

CY7C361L-100WMB 

W22 

Military 



CY7C361L-100DMB 

D22 




CY7C361L-100QMB 

Q64 




CY7C361L-100LMB 

L64 




CY7C361L-100HMB 

H64 


150 

83.3 

CY7C361L-83PC 

P21 

Commercial 



CY7C361L-83WC 

W22 




CY7C361L-83JC 

J64 




CY7C361L-83HC 

H64 


150 

83.3 

CY7C36 1 L-83 WMB 

W22 

Military 



CY7C361L-83DMB 

D22 




CY7C361L-83QMB 

Q64 




CY7C361L-83LMB 

L64 




CY7C361L-83HMB 

H64 


150 

66.6 

CY7C361L-66PC 

P21 

Commercial 



CY7C36 1 L-66WC 

W22 




CY7C361L-66JC 

J64 




CY7C36 1 L-66HC 

H64 


150 

66.6 

CY7C36 1 L-66WMB 

W22 

Military 



CY7C36 1 L-66DMB 

D22 




CY7C36 1 L-66QMB 

Q64 




CY7C361L-66LMB 

L64 




CY7C361L-6HMB 

H64 



Document #: 3 8-00 106- A 
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PLD Programming Information 


Introduction 

PLDs or Programmable Logic Devices provide an attract- 
ive alternative to logic implemented with discrete devices. 
Because the primary requirements for this logic has been to 
provide high performance and increased functional density, 
in the past all programmable logic functions have been im- 
plemented in a bipolar technology. Bipolar technology uses 
a fuse for the programming mechanism. The fuses are in- 
tact when the product is delivered to the user, and may be 
programmed once, then read and used indefinitely. The 
fuses are literally blown using a high current supplied by a 
programming system. Programming or blowing a fuse is a 
one time event; once blown, the fuse is forever open. There- 
fore, a fuse cannot be tested to see that it will blow or 
program properly before it is delivered to the user. This 
difficulty in testing fuses for programming results in less 
than 100% programming yield in the field. The failures 
can be placed into three categories. 

A certain percentage of the product simply fails to pro- 
gram. These devices are easily identified, and may be re- 
turned for replacement. A small percentage of the product 
will program and verify correctly, but fail to function prop- 
erly as a logic element. This can happen because, without 
programming each location, the connection between the 
programmed cell and the logic it is to control cannot be 
verified. Some programmers can test for this condition 
through the use of a set of test vectors for each unique code 
or part. Additional material will be lost, however, even if a 
structured set of test vectors is used due to the device func- 
tioning too slowly. This failure is much more subtle and 
can only be found by 100% AC testing of the programmed 
device, or worse yet by troubleshooting an assembled board 
or system. 

Cypress PLDs use an EPROM programming mechanism. 
This technology has been available since the early 1970’s, 
however, as with most MOS technologies, the emphasis has 
been on density, not performance. CMOS at Cypress is as 
fast as or faster than Bipolar and, coupled with EPROM 
programming, offers a viable alternative to bipolar pro- 
grammable logic from a performance point of view. In ad- 
dition, CMOS EPROM technology offers other over- 
whelming advantages. EPROM cells are programmed by 
injecting charge on an electrically isolated gate which caus- 
es the transistor to be permanently turned off. This mecha- 
nism may be reversed by irradiating the cell with ultravio- 
let light. This feature totally changes the testing philosophy 
and provides a new feature for the user. All programmable 
cells may now be tested by the manufacturer prior to deliv- 
ery to the customer. This provides an easy methodology to 
certify programming, functionality, and performance. With 
built in test arrays, functionality and performance may be 
tested even if the device is packaged in a non-windowed 
package. Devices packaged in a windowed package may be 
programmed and erased indefinitely, providing the design- 
er a tool for the development of his logic without throwing 
away devices that are programmed incorrectly as the de- 
sign proceeds. 


Programmable Technology 

EPROM Process Technology 

EPROM technology employs a floating or isolated gate 
between the normal control gate and the source/drain re- 
gion of a transistor. This gate may be charged with elec- 
trons during the programming operation, permanently 
turning off the transistor. The state of the floating gate, 
charged or uncharged, is permanent because the gate is 
isolated in an extremely pure oxide. The charge may be 
removed if the device is irradiated with ultraviolet energy 
in the form of light. This ultraviolet light allows the elec- 
trons on the gate to recombine and discharge the gate. This 
process is repeatable and therefore can be used during the 
processing of the device, repeatedly if necessary, to assure 
programming function and performance. 

Two Transistor Cells 

In order to provide an EPROM cell that is as fast as the 
fuse technology employed in bipolar processes. Cypress 
uses a two transistor EPROM cell. One transistor is opti- 
mized for reliable programming, and one transistor is opti- 
mized for high speed. The floating gates are connected 
such that charge injected on the floating gate of the pro- 
gramming transistor is conducted to the read transistor bi- 
asing it off. 

Programming Algorithm 

Byte Addressing and Programming 

All Cypress Programmable Logic Devices are addressed 
and programmed on BYTE or EXTENDED BYTE basis 
where an EXTENDED BYTE is a field that is as wide as 
the output path of the device. Each device or family of 
devices has a unique address map which is available in the 
product data sheet. Each BYTE or EXTENDED BYTE is 
written into the addressed location from the pins that serve 
as the output pins in normal operation. To program a cell, 
a “1” or HIGH is placed on the input pin and a “0” or 
LOW is placed on pins corresponding to cells that are not 
to be programmed. Data is also read from these pins in 
parallel for verification after programming. A “1” or 
HIGH during program verify operation indicates an un- 
programmed cell, while a “0” or LOW indicates that the 
cell accessed has been programmed. 

Blank Check 

Before programming, all Programmable Logic Devices 
may be checked in a conventional manner to determine 
that they have not been previously programmed. This is 
accomplished in a program verify mode of operation by 
reading the contents of the array. During this operation, a 
“1” or HIGH output indicates that the addressed cell is 
unprogrammed, while a “0” or LOW indicates a pro- 
grammed cell. 
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Programming The Data Array 

Programming is accomplished by applying a supervoltage 
to one pin of the device causing it to enter the program- 
ming mode of operation. This also provides the program- 
ming voltage for the cells to be programmed. In this mode 
of operation, the address lines of the device are used to 
address each location to be programmed, and the data is 
presented on the pins normally used for reading the con- 
tents of the device. Each device has a READ/WRITE pin 
in the programming mode. This signal causes a write oper- 
ation when switched to a supervoltage, and a read opera- 
tion when switched to a logic “0” or LOW. In the logic 
HIGH state “1” the device is in a program inhibit condi- 
tion and the output pins are in a high impedance state. 
During a WRITE operation, the data on the output pins is 
written into the addressed array location. In a READ oper- 
ation the contents of the addressed location are present on 
the output pins and may be verified. Programming there- 
fore is accomplished by placing data on the output pins, 
and writing it into the addressed location. Verification of 
data is accomplished by examining the information on the 
output pins during a READ operation. 

The timing for actual programming is supplied in the 
unique programming specification for each device. 

Phantom Operating Modes 

All Cypress Programmable Logic Devices contain a 
PHANTOM ARRAY for post assembly testing. This ar- 
ray is accessed, programmed and operated in a special 
PHANTOM mode of operation. In this mode, the normal 
array is disconnected from control of the logic, and in its 
place the PHANTOM ARRAY is connected. In normal 
operation the PHANTOM ARRAY is disconnected and 
control is only via the normal array. This special feature 
allows every device to be tested for both functionality and 
performance after packaging and, if desired, by the user 
before programming and use. The PHANTOM modes are 
entered through the use of supervoltages and are unique for 
each device or family of devices. See specific data sheets for 
details. 

Special Features 

Cypress Programmable Logic devices, depending on the 
device, have several special features. For example the secu- 
rity mechanism defeats the verify operation and therefore 
secures the contents of the device against unauthorized 
tampering or access. In advanced devices such as the PAL 
C 22V 10, PLD C 20G10, and the CY7C330 the MACRO- 
CELLs are programmable through the use of the architec- 
ture bits. This allows the user to more effectively tailor the 
device architecture to his unique system requirements. 
These features are also programmed through the use of 
EPROM cells. Specific programming is detailed in the de- 
vice data sheet. 

Programming Support 

Programming support for Cypress CMOS Programmable 
Logic Devices is available from a number of programmer 
manufacturers, some of which are listed as follows. The 
hardware module version number listed is the earliest ver- 
sion qualified by Cypress. Any subsequent version is also 
qualified unless otherwise specifically noted. 


Data I/O Corporation 
10525 Willows Rd. N.E. 
P.O. Box 97046 
Redmond, WA 
98073-9746 
(206) 881-6444 


Data I/O 29B 


Adapters: 

LOGICPAK V04 


PT 

Generic 

Cypress 
Part Number 

Generic 

Part 

Number 

Family 
Code and 
Pinout 

303A-009 

Revision 

303A-011A/B 

Revision 

PALC16R8 

16R8 

28 

24 

V03 

V01 

PALC16R6 

16R6 

28 

24 

V03 

V01 

PALC16R4 

16R4 

28 

24 

V03 

V01 

PALC16L8 

16L8 

28 

17 

V03 

V01 

PALC22V10 

22V10 

28 

28 

V04 

V01 

PLDC20G10 

20G10 

28 

56 

V04 

V01 

PLDC20G10 

20R4 

28 

65 

V04 

V02 

PLDC20G10 

20R6 

28 

66 

V04 

V02 

PLDC20G10 

20R8 

28 

27 

V04 

V02 

PLDC20G10 

20L8 

28 

26 

V04 

V01 

PLDC20G10 

20L10 

28 

6 

V04 

V01 

PLDC20G10 

20L2 

28 

5 

V04 

V02 

PLDC20G10 

18L4 

28 

4 

V04 

V01 

PLDC20G10 

16L6 

28 

3 

V04 

V01 

PLDC20G10 

14L8 

28 

2 

V04 

V01 

PLDC20G10 

12L10 

28 

1 

V04 

V01 

CY7C330 

7C330 

28 

1A 

V06 

V01 


Data I/O Model 60A, 60H 

Cypress 

Generic 

Family Code 

Revision 

Part Number 

Part Number 

and Pinout 

PALC16R8 

16R8 

28 

24 

V05 

PALC16R6 

16R6 

28 

24 

V05 

PALC16R4 

16R4 

28 

24 

V05 

PALC16L8 

16L8 

28 

17 

V05 

PALC22V10 

22V 10 

28 

28 

V08 

PLDC20G10 

20G10 

28 

56 

V08 


Data I/O Unisite 

Cypress 

Generic 

Family Code 

Revision 

Part Number 

Part Number 

and Pinout 

PALC16R8 

16R8 


2.0 

PALC16R6 

16R6 


2.0 

PALC16R4 

16R4 


2.0 

PALC16L8 

16L8 


2.0 

PALC22V10 

22 V 10 

Menu 

Driven 

2.0 

PLDC20G10 

20G10 

2.0 

CY7C331 

7C331 

2.71 

CY10E301 

16P8 


2.5 

CY100E301 

16P8 


2.5 

CY10E302 

16P4 


2.5 

CY100E302 

16P4 


2.5 
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Stag Microsystems 
1600 Wyatt Dr. 

Santa Clara, CA 95054 
(408) 988-1118 
STAG ZL32 Rev. 30A03 


STAG PPZ Zm2200 Rev. 18 


ZL32 Rev. 30A03 


Cypress 

Generic 

Family Code 

Part Number 

Part Number 

and Pinout 

PALC16R8 

16R8 


PALC16R6 

16R6 

Menu 

Driven 

PALC16R4 

16R4 

PALC16L8 

16L8 

PALC22V10 

22V 10 



Cypress Semiconductor Inc. 
3901 North First Street 
San Jose, CA 95134 
(408) 943-2600 


Cypress CY3000 QuickPro Rev. PLD 2.8 

Cypress 

Generic 

Family Code 

Part Number 

Part Number 

and Pinout 

PALC16R8 

16R8 


PALC16R6 

16R6 


PALC16R4 

16R4 


PALC16L8 

16L8 


PALC22V10 

22V 10 


PALC22V 10B 

22V 10 


PLDC20G 10(B) 

20G10 


PLDC20G 10(B) 

20R4 


PLDC20G 10(B) 

20R6 


PLDC20G 10(B) 

20R8 


PLDC20G 10(B) 

20L8 


PLDC20G 10(B) 

20L10 


PLDC20G 10(B) 

20L2 


PLDC20G 10(B) 

18L4 


PLDC20G 10(B) 

16L6 


PLDC20G 10(B) 

14L8 


PLDC20G 10(B) 

12L10 


PLDC20RA10 

20RA10 


CY7C330 

7C330 


CY7C331 

7C331 


CY7C332 

7C332 


CY10E301 

16P8 


CY100E301 

16P8 


CY10E302 

16P4 


CY100E302 

16P4 



Digelec Corporation 
1602 Lawrence Ave. 
Suite 113 
Ocean, NJ 07712 
(201) 493-2420 


DIGELEC 803 FAM-52 Rev. A-6.0 

Cypress 

Generic 

Family Code 

Adapter 

Part Number 

Part Number 

and Pinout 

Rev. A-3 

PALC16R8 

16R8 


DA-53 

PALC16R6 

16R6 

Menu 

Driven 

DA-53 

PALC16R4 

16R4 

DA-53 

PALC16L8 

16L8 

DA-53 

PALC22V10 

22V 10 


DA-53 


Adams MacDonald Enterprises 
800 Airport Rd. 

Monterey, CA 93940 
(408) 373-3607 


SMS Sprint Rev. 3.21 

Cypress 

Generic 

Family Code 

Part Number 

Part Number 

and Pinout 

PALC16R8 

16R8 


PALC16R6 

16R6 


PALC16R4 

16R4 


PALC16L8 

16L8 


PALC22V10 

22V 10 


PALC22V10B 

22V 10 


PLDC20G 10(B) 

20G10 


PLDC20G 10(B) 

20R4 


PLDC20G 10(B) 

20R6 


PLDC20G 10(B) 

20R8 


PLDC20G 10(B) 

20L8 


PLDC20G 10(B) 

20L10 


PLDC20G 10(B) 

20L2 


PLDC20G 10(B) 

18L4 


PLDC20G 10(B) 

16L6 


PLDC20G 10(B) 

14L8 


PLDC20G 10(B) 

12L10 


PLDC20RA10 

20RA10 


CY7C330 

7C330 


CY7C331 

7C331 


CY7C332 

7C332 
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Logical Devices Inc. 

1321 N.W. 65th Place 
Ft. Lauderdale, FL 33309 
(305) 974-0975 


Logical Devices ALLPRO Rev. V1.4 

Cypress 

Generic 

Family Code 

Part Number 

Part Number 

and Pinout 

PALC16R8 

16R8 


PALC16R6 

16R6 

Menu 

Driven 

PALC16R4 

16R4 

PALC16L8 

16L8 

PALC22V10 

22V 10 



Kontron Electronics 
1230 Charleston Road 
Mountain View, CA 
94039-7230 
(415) 965-7020 


Kontron EPP 80 UPM-P 

Cypress 

Generic 

Family Code 

Part Number 

Part Number 

and Pinout 

PALC16R8 

16R8 


PALC16R6 

16R6 

Menu 

Driven 

PALC16R4 

16R4 

PALC16L8 

16L8 

PALC22V10 

22V 10 



Third Party Development Software 

Supported Devices: 

ABEL™ 

PALC16R8 

Data I/O Corporation 

PALC16R6 

10525 Willows Rd. N.E. 

PALC16R4 

P.O. Box 97046 

PALC16L8 

Redmond, WA 

PALC22V10 

98073-9746 

PLDC20G10 

(206) 881-6444 

CY7C330 

cupl™ 

PALC16R8 

Assisted Technology 

PALC16R6 

1290 Parkmoor Ave. 

PALC16R4 

San Jose, CA 95126 

PALC16L8 

(800) 523-5207 

PALC22V10 

(800) 628-8748 CA 

CY7C330 

LOG/iC™ 

PALC16R8 

ISDATA GmbH 

PALC16R6 

Haid-und-Neu-Strasse 7 

PALC16R4 

D-7500 Karlsruhe 1 West Germany 

PALC16L8 

(0721) 69 30 92 

PALC22V10 

CY7C330 

CY7C331 


ABEL™ is a trademark of Data I/O Corporation. 
CUPL™ is a trademark of Assisted Technology. 
ISDATA® is a registered trademark of ISDATA GmbH 
LOG/iC™ is a trademark of ISDATA GmbH. 


4-184 





PRODUCT == 
INFORMATION 

STATIC RAMS = 


PROMS 



EPLDS 


FIFOS 


LOGIC 


RISC 


MODULES 


ECL 


MILITARY 


BRIDGEMOS 


DESIGN AND ~ " = 
PROGRAMMING TOOLS 

QUALITY AND = = 
RELIABILITY 


PACKAGES 








PRODUCT 
INFORMATION 

STATIC RAMS 


PROMS 



EPLDS 



MILITARY 



BRIDGEMOS 



DESIGN AND j -^ l - = " = - = ■ 
PROGRAMMING TOOLS 



QUALITY AND 
RELIABILITY 


PACKAGES 











Section Contents 


,' ; jg CYPRESS 
~ SEMICONDUCTOR 


FIFOs 


Page Number 


Device Number Description 

CY3341 64 x 4 Serial Memory FIFO 5-1 

CY7C401 64 x 4 Cascadeable FIFO 5-6 

CY7C402 64 x 5 Cascadeable FIFO 5-6 

CY7C403 64 x 4 Cascadeable FIFO with Output Enable 5-6 

CY7C404 64 x 5 Cascadeable FIFO with Output Enable 5-6 

CY7C408A 64 x 8 Cascadeable FIFO 5-16 

CY7C409A 64 x 9 Cascadeable FIFO 5-16 

CY7C420 512 x 9 Cascadeable FIFO 5-30 

CY7C421 512 x 9 Cascadeable FIFO 5-30 

CY7C424 1024 x 9 Cascadeable FIFO 5-30 

CY7C425 1024 x 9 Cascadeable FIFO 5-30 

CY7C428 2048 x 9 Cascadeable FIFO 5-30 

CY7C429 2048 x 9 Cascadeable FIFO 5-30 

CY7C432 4096 x 9 Cascadeable FIFO 5-43 

CY7C433 4096 x 9 Cascadeable FIFO 5-43 

CY7C439 2048 x 9 Bedirectional FIFO 5-53 

CY7C441 512 x 9 Synchronous FIFO 5-65 

CY7C442 2K x 9 Synchronous FIFO 5-65 

CY7C443 512 x 9 Cascadeable Synchronous FIFO 5-66 

CY7C444 2K x 9 Cascadeable Synchronous FIFO 5-66 

CYM4210 Cascadeable 8K x 9 FIFO 5-67 

CYM4220 Cascadeable 16K x 9 FIFO 5-68 
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64 x 4 FIFO Serial Memory 


Features 

• 1.2/2 MHz data rate 

• Fully TTL compatible 

• Independent asynchronous inputs 
and outputs 

• Direct replacement for PMOS 
3341 

• Expandable in word length and 
width 

• CMOS for optimum speed/ 
power 

• Capable of withstanding greater 
than 2000V electrostatic 
discharge 

Functional Description 

The 3341 is a 64-word x 4-bit First-In 
First-Out (FIFO) Serial Memory. The 
inputs and outputs are completely inde- 
pendent (no common clocks) making 
the 3341 ideal for asynchronous buffer 
applications. 

Control signals are provided for both 
vertical and horizontal expansion. 

The 3341 is manufactured using Cy- 
press CMOS technology and is avail- 
able in both ceramic and plastic pack- 
ages. 


Data Input 

The four bits of data on the Do through 
D 3 inputs are entered into the first lo- 
cation when both Input Ready (IR) 
and Shift In (SI) are HIGH. This caus- 
es IR to go LOW but data will stay 
locked in the first bit location until 
both IR and SI are LOW. Then data 
will propagate to the second bit loca- 
tion, provided the location is empty. 
When data is transferred, IR will go 
HIGH indicating that the device is 
ready to accept new data. If the memo- 
ry is full, IR will stay LOW. 

Data Transfer 

Once data is entered into the second 
cell, the transfer of any full cell to the 
adjacent (downstream) empty cell is 
automatic, activated by an on-chip con- 
trol. Thus, data will stack up at the end 
of the device while empty locations will 
“bubble” to the front. tBT defines the 
time required for the first data to travel 
from the input to the output of a previ- 
ously empty device, or for the first 
empty space to travel from the output 
to the input of a previously full device. 

Data Output 

When data has been transferred into 
the last cell, Output Ready (OR) goes 


HIGH, indicating the presence of valid 
data at the output pins Qo through Q 3 . 
The transfer of data is initiated when 
both the Output Ready output from 
the device and the Shift Out (SO) input 
to the device are HIGH. This causes 
OR to go LOW; output data, however, 
is maintained until both OR and SO 
are LOW. Then the content of the adja- 
cent (upstream) cell (provided it is full) 
will be transferred into the last cell, 
causing OR to go HIGH again. If the 
memory has been emptied, OR will 
stay LOW. 

Input Ready and Output Ready may 
also be used as status signals indicating 
that the FIFO is completely full (Input 
Ready stays LOW for at least tsT) or 
completely empty (Output Ready stays 
LOW for at least tfiT)- 

Reset 

When Master Reset (MR) goes LOW, 
the control logic is cleared, and the 
data outputs enter a LOW state. When 
MR returns HIGH, Output Ready 
(OR) stays LOW, and Input Ready 
(IR) goes HIGH if Shift In (SI) was 
LOW. 


Logic Block Diagram 


Pin Configuration 




* Internally not connected 
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3341 

3341-2 

Maximum Operating Frequency 


1.2 MHz 

2.0 MHz 

Maximum Operating 

Commercial 

45 

45 

Current (mA) 

Military 

60 

60 
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CY3341 


Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature — 65°C to + 150°C 

Ambient Temperature with 

Power Applied — 55°C to + 125°C 

Supply Voltage to Ground Potential 

(Pin 16 to Pin 8) -0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State —0.5V to + 7.0V 

DC Input Voltage - 3.0V to + 7.0V 

Output Current, into Outputs (Low) 20 mA 


Static Discharge Voltage 

(per MIL-STD-883 Method 3015) 

Latchup Current 


. .> 2001V 
> 200 mA 


Operating Range 


Range 

Ambient 

Temperature 

Vss 

Vdd 

Vgg’ 

Commercial 

0°C to +70°C 

5V ± 10% 

GND 

NC 

Military 1 3 1 

— 55°C to + 125°C 

5V ± 10% 

GND 

NC 


•Internally Not Connected. 


Electrical Characteristics Over the Operating Range M 


Test Conditions 


Vss = Min., Iqh = —0.3 mA 


Vss = Min., Iql = 1.6 mA 


Vdd ^ Vi ^ Vss 


Vss = Max., Vqut — Vdd 


Parameters 

Description 

VOH 

Output HIGH Voltage 

VOL 

Output LOW Voltage 

VlH 

Input HIGH Voltage 

VlL 

Input LOW Voltage 

Iix 

Input Leakage Current 

los 

Output Short 

Circuit Current! 1 ] 

Idd 

Power Supply Current 

Igg 

Vgg Current 


Vss = Max., 
Iqut = 0 mA 


Commercial 


Military 




Parameters 

Description 

Test Conditions 

ClN 

Input Capacitance 

T A = 25°C, f = 1 MHz 

COUT 

Output Capacitance 

V SS = 5.0V 



Notes: 

1. Not more than 1 output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 

2. Tested initially and after any design or process changes that may 
affect these parameters. 

AC Test Loads and Waveforms 


=I30pF > R2 

HD > 3,28 Kii 

including] 
-Ljigand _L 

- SCOPE ~ 


3. Ta is the “instant on” case temperature. 

4. See the last page of this specification for Group A subgroup testing 
information. 


ALL INPUT PULSES 



Equivalent to: 


THEVENIN EQUIVALENT 
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Switching Characteristics Over the Operating Ranged 5] 


Parameters 

Description 

fMAX 

Operating Frequency 

tPHSI 

SI HIGH Time 

tpLSI 

SI LOW Time 

tDD 

Data Setup to SI 

tHSI 

Data Hold from SI 

tlR + 

Delay, SI HIGH to IR LOW 

tiR- 

Delay, SI LOW to IR HIGH 

tPHSO 

SO HIGH Time 

tPLSO 

SO LOW Time 

tOR + 

Delay, SO HIGH to OR LOW 

tOR- 

Delay, SO LOW to OR HIGH 

tDA 

Data Setup to OR HIGH 

tDH 

Data Hold from OR LOW 

tBT 

Bubble through Time 

tMRW 

MR Pulse Width 

tDSI 

MR HIGH to SI HIGH 

tDOR 

MR LOW to OR LOW 

tDIR 

MR LOW to IR HIGH 


Test 

Conditions 

Note 6 






3341-2 


j Min. 

Max. 




2 MHz 

ns 


ns 


ns 


ns 


20 

160 

ns 

20 

200 

ns 




>Iotes: 

>. Test conditions assume signal transitions of 10 ns or less. Timing 6. 1/fMAX > tpnsi + tiR— , 1/fMAX > tpnso + toR~ • 

reference levels of 1.5 V and output loading of the specified Ioi/IoH 
and 30 pF load capacitance. 


Switching Waveforms 

)ata In Timing Diagram 
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Switching Waveforms (Continued) 
Master Reset Timing Diagram 



DATA OUTPUT 


X 


Ordering Information 


Ordering Code 
(2 MHz) 

Package 

Type 

Operating 

Range 

CY3341-2PC 

PI 

Commercial 

CY3341-2DC 

D2 

CY3341-2DMB 

D2 

Military 


Ordering Code 
(1.2 MHz) 

Package 

Type 

Operating 

Range 

CY3341PC 

PI 

Commercial 

CY3341DC 

D2 

CY3341DMB 

D2 

Military 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 

Subgroups 

VOH 

1,2,3 

VOL 

1,2,3 

VlH 

1,2,3 

Vil Max. 

1,2,3 

Iix 

1,2,3 

Idd 

1,2,3 


Switching Characteristics 


Parameters 

Subgroups 

fMAX 

7,8,9,10,11 

tpHSI 

7,8,9,10,11 

tPLSI 

7,8,9,10,11 

tDD 

7,8,9,10,11 

tHSI 

7,8,9,10,11 

tlR + 

7,8,9,10,11 

tlR- 

7,8,9,10,11 

tPHSO 

7,8,9,10,11 

tpLSO 

7,8,9,10,11 

tOR + 

7,8,9,10,11 

tOR- 

7,8,9,10,11 

tDA 

7,8,9,10,11 

tDH 

7,8,9,10,11 

tBT 

7,8,9,10,11 

tMRW 

7,8,9,10,11 

tDSI 

7,8,9,10,11 

tDOR 

7,8,9,10,11 

tDIR 

7,8,9,10,11 
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I CYPRESS 


CY7C401/ CY7C403 
CY7C402/ CY7C404 


SEMICONDUCTOR 


Cascadeable 64 x 4 FIFO and 

64 x 5 FIFO 


Features 

• 64 x 4 (CY7C401 and CY7C403) 
64 x 5 (CY7C402 and CY7C404) 
High speed first-in first-out 
memory (FIFO) 

• Processed with high-speed 
CMOS for optimum 
speed/power 

• 25 MHz data rates 

• 50 ns bubble-through time — 

25 MHz 

• Expandable in word width 
and/or length 

• 5 volt power supply ± 10% 
tolerance both commercial and 
military 

• Independent asynchronous inputs 
and outputs 

• TTL compatible interface 

• Output enable function available 
on CY7C403 and CY7C404 

• Capable of withstanding greater 
than 2001V electrostatic 
discharge 


• Pin compatible with MMI 
67401A/67402A 

Functional Description 

The CY7C401 and CY7C403 are asyn- 
chronous first-in first-out memories 
(FIFOs) organized as 64 four bit 
words. The CY7C402 and CY7C404 
are similar FIFOs organized as 64 five 
bit words. Both the CY7C403 and 
CY7C404 have an Output Enable (OE) 
function. 

The devices accept 4/5 bit words at the 
data input (DIo-DI n ) under the con- 
trol of the Shift In (SI) input. The 
stored words stack up at the output 
(DOo-DO n ) in the order they were en- 
tered. A read command on the Shift 
Out (SO) input causes the next to last 
word to move to the output and all 
data shifts down once in the stack. The 
Input Ready (IR) signal acts as a flag 
to indicate when the input is ready to 
accept new data (HIGH), to indicate 
when the FIFO is full (LOW), and to 
provide a signal for cascading. The 


Output Ready (OR) signal is a flag to 
indicate the output contains valid data 
(HIGH), to indicate the FIFO is empty 
(LOW), and to provide a signal for cas- 
cading. 

Parallel expansion for wider words is 
accomplished by logically ANDing the 
Input Ready (IR) and Output Ready 
(OR) signals to form composite signals. 

Serial expansion is accomplished by ty- 
ing the data inputs of one device to the 
data outputs of the previous device. 

The Input Ready (IR) pin of the receiv- 
ing device is connected to the Shift Out 
(SO) pin of the sending device, and the 
Output Ready (OR) pin of the sending 
device is connected to the Shift In (SI) 
pin of the receiving device. 

Reading and writing operations are 
completely asynchronous, allowing the 
FIFO to be used as a buffer between 
two digital machines of widely differing 
operating frequencies. The 25 MHz op- 
eration makes these FIFOs ideal for 
high speed communication and con- 
troller applications. 





7C401/2-5 

7C40X-10 

7C40X-15 

7C40X-25 

Maximum Shift Rate (MHz) 


5 

10 

15 

25 

Maximum Operating 

Current (mA) 

Commercial 

75 

75 

75 

75 

Military 

— 

90 

90 

90 
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cypr es s 

SEMICONDUCTOR 


CY7C401/CY7C403 

CY7C402/CY7C404 


Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature — 65°C to + 150°C 

Ambient Temperature with 

Power Applied — 55°C to + 125°C 

Supply Voltage to Ground Potential .... —0.5V to + 7.0V 
DC Voltage Applied to Outputs 

in High Z State —0.5V to + 7.0V 

DC Input Voltage — 3.0V to + 7.0V 

Power Dissipation 1.0W 

Output Current, into Outputs (Low) 20 mA 


Static Discharge Voltage > 2001V 

(per MIL-STD-883 Method 3015) 

Latch-up Current > 200 mA 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70°C 

5V ± 10% 

Military W 

— 55°C to + 125°C 

5V + 10% 


Electrical Characteristics Over Operating Range (Unless Otherwise Noted) M 


Parameters 

Description 

Test Conditions 

7C40X-10, 15, 25 

Units 

Min. 

Max. 

VOH 

Output HIGH Voltage 

Vcc = Min., Ioh = —4.0 mA 

2.4 


V 

VoL 

Output LOW Voltage 

Vcc = Min., Iol — 8.0 mA 


0.4 

V 

VlH 

Input HIGH Voltage 


2.0 

6.0 

V 

VlL 

Input LOW Voltage 


-3.0 

0.8 

V 

Iix 

Input Leakage Current 

gnd <; Vi <; v C c 

-10 

+ 10 

/jlA 

VcD^ 

Input Diode Clamp Voltage! '1 





loz 

Output Leakage Current 

GND < VouT ^ Vcc. Vcc = 5.5V 

Output Disabled (CY7C403 and CY7C404) 

-50 

+ 50 

fiA 

los 

Output Short Circuit Current 12] 

Vcc = Max., VouT = GND 


-90 

mA 

Icc 

Power Supply Current 

Vcc = Max., 

Iqut = 0 mA 

Commercial 


75 

mA 

Military 


90 

mA 


Capacitance ^ 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Cin 

Input Capacitance 

T a = 25°C, f = 1 MHz 

5 

pF 

CqUT 

Output Capacitance 

Vcc = 4.5 V 

7 


Notes: 


1. The CMOS process does not provide a clamp diode. However, the 
FIFO is insensitive to — 3 V dc input levels and — 5 V undershoot 
pulses of less than 10 ns (measured at 50% point). 

2. For test purposes, not more than one output at a time should be 
shorted. Short circuit test duration should not exceed 30 seconds. 


3. Ta is the “instant on” case temperature. 

4. See the last page of this specification for Group A subgroup testing 
information. 

5. Tested initially and after any design or process changes that may 
affect these parameters. 
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CYPRESS 

SEMICONDUCTO? 


CY7C401/CY7C403 

CY7C402/CY7C404 


AC Test Load and Waveform 

R1 437ft 


INCLUDING 
-JIG AND -I 
’ SCOPE “ 


ALL INPUT PULSES 


INCLUDING 
-±-JIG AND -1 
- SCOPE ~ 


-90% 



U — < 5 n> 


Figure la 

Equivalent to: THEVENIN EQUIVALENT 

16712 


Figure lb 


Switching Characteristics Over the Operating Ranged, 6] 


Parameters 

Description 

fo 

Operating Frequency 

tpHSI 

SI HIGH Time 

tpLSI 

SI LOW Time 

tssi 

Data Setup to SI 

tHSI 

Data Hold from SI 

tDLIR 

Delay, SI HIGH to IR LOW 

tDHIR 

Delay, SI LOW to IR HIGH 

tPHSO 

SO HIGH Time 

tpLSO 

SO LOW Time 

tDLOR 

Delay, SO HIGH to OR LOW 

tDHOR 

Delay, SO LOW to OR HIGH 

tsOR 

Data Setup to OR HIGH 

tHSO 

Data Hold from SO LOW 

tBT 

Bubble through Time 

tSIR 

Data Setup to IR 

tHIR 

Data Hold from IR 

tpiR 

Input Ready Pulse HIGH 

tpOR 

Output Ready Pulse HIGH 

tpMR 

MR Pulse Width 

tDSI 

MR HIGH to SI HIGH 

tDOR 

MR LOW to OR LOW 

tDIR 

MR LOW to IR HIGH 

tLZMR 

MR LOW to Output LOW 

tOOE 

Output Valid from OE LOW 

tHZOE 

Output HIGH-Z from OE HIGH 


Test 

Conditions 



Notes: 

6. Test conditions assume signal transition time of 5 ns or less, timing 
reference levels of 1.5 V and output loading of the specified Ioi/Ioh 
and 30 pF load capacitance, as in Figure la. 

1 . 1/fo > tpHSI + tDHIR. I/fo > tpHSO + tDHOR 

8. tssi and tqsi apply when memory is not full. 

9. tsiR and tniR apply when memory is full, SI is high and minimum 
bubble through (tst) conditions exist. 


All data outputs will be at LOW level after reset goes high until data 
is entered into the FIFO. 

HIGH-Z transitions are referenced to the steady-state Voh ~ 500 
mV and Vol + 500 mV levels on the output. tnzOE is tested with 5 
pF load capacitance as in Figure lb. 

Commercial/Military 
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pypprqc 

SEMICONDUCTOR 


CY7C401/CY7C403 

CY7C402/CY7C404 


Operational Description 

CONCEPT 

Unlike traditional FIFOs these devices are designed using a 
dual port memory, read and write pointer, and control log- 
ic. The read and write pointers are incremented by the 
Shift Out (SO) and Shift In (SI) respectively. The availabil- 
ity of an empty space to shift in data is indicated by the 
Input Ready (IR) signal, while the presence of data at the 
output is indicated by the Output Ready (OR) signal. The 
conventional concept of bubble through is absent. Instead, 
the delay for input data to appear at the output is the time 
required to move a pointer and propa gate an Output Ready 
(OR) signal. The Output Enable (OE) signal provides the 
capability to OR tie multiple FIFOs together on a common 
bus. 

RESETTING THE FIFO 

Upon power up, the FIFO must be reset with a Master 
Reset (MR) signal. This causes the FIFO to enter an empty 
condition signified by the Output Ready (OR) signal being 
LOW at the same time the Input Ready (IR) signal is 
HIGH. In this condition, the data outputs DOo~DO n ) will 
be in a LOW state. 

SHIFTING DATA IN 

Data is shifted in on the rising edge of the Shift In (SI) 
signal. This loads input data into the first word location of 
the FIFO. On the falling edge of the Shift In (SI) signal, 
the write pointer is moved to the next word position and 
the Input Ready (IR) signal goes HIGH indicating the 
readiness to accept new data. If the FIFO is full, the Input 
Ready (IR) will remain LOW until a word of data is shift- 
ed out. 

SHIFTING DATA OUT 

Data is shifted out of the FIFO on the falling edge of the 
Shift Out (SO) signal. This causes the internal read pointer 
to be advanced to the next word location. If data is present, 
valid data will appear on the outputs and the Output 
Ready (OR) signal will go HIGH. If data is not present, 
the Output Ready (OR) signal will stay LOW indicating 
the FIFO is empty. Upon the rising edge of Shift Out (SO), 
the Output Ready (OR) signal goes LOW. The data out- 
puts of the FIFO should be sampled with edge sensitive 
type D flip-flop (or equivalent), using the SO signal as the 
clock input to the flip-flop. 

BUBBLE THROUGH 

Two bubble through conditions exist. The first is when the 
device is empty. After a word is shifted into an empty de- 
vice, the data propagates to the output. After a delay, the 
Output Ready (OR) flag goes HIGH indicating valid data 
at the output. 

The second bubble through condition occurs when the de- 
vice is full. Shifting data out creates an empty location 
which propagates to the input. After a delay, the Input 
Ready (IR) flag goes HIGH. If the Shift In (SI) signal is 
HIGH at this time, data on the input will be shifted in. 

APPLICATION OF THE 7C403-25/7C404-25 
AT 25 MHz 

Application of the CY7C403 or CY7C404 Cypress CMOS 
FIFO’s requires attention to characteristics not easily spec- 


ified in a Datasheet, but necessary for reliable operation 
under all conditions. 

When an empty FIFO is filled with initial information, at 
maximum “shift in” SI frequency, followed by immediate 
shifting out of the data also at maximum “shift out” SO 
frequency, the designer must be aware of a window of time 
which follows the initial rising edge of the “output Ready” 
OR signal during which the SO signal is not recoginized. 
This condition exists only at high speed operation where 
more than one SO may be generated inside the prohibited 
window. This condition does not inhibit the operation of 
the FIFO at full frequency operation, but rather delays the 
full 25 MHz operation until after the window has passed. 

There are several implementation techniques to manage the 
window so that all SO signals are recognized: 

1. The first involves delaying SO operation such that it 
does not occur in the critical window. This can be ac- 
complished by causing a fixed delay of 40 ns “initiated 
by the SI signal only when the FIFO is empty” to inhibit 
or gate the SO activity. This however requires that the 
SO operation at least temporarily be synchronized with 
the input SI operation. In synchronous applications this 
may well be possible and a valid solution. 

2. Another solution not uncommon in synchronous appli- 
cations is to only begin shifting data out of the FIFO 
when it is greater than half full. This is a common meth- 
od of FIFO application, as earlier FIFOs could not be 
operated at maximum frequency when near full or emp- 
ty. Although Cypress FIFOs do not have this limitation, 
any system designed in this manner will not encounter 
the window condition described above. 

3. The window may also be managed by not allowing the 
first SO signal to occur until the window in question has 
passed. This can be accomplished by delaying the SO 
40 ns from the rising edge of the initial OR “output 
ready” signal. This however involves the requirement 
that this only occurs on the first occurance of data being 
loaded into the FIFO from an empty condition and 
therefore requires the knowledge of “input ready” IR 
and SI conditions as well as SO. 

4. Handshaking with the OR signal can be a third method 
of avoiding the window in question. With this technique 
the rising edge of SO, or the fact that the SO signal is 
HIGH, will cause the OR signal to go LOW. The SO 
signal is not taken low again, advancing the internal 
pointer to the next data, until the OR signal goes LOW. 
This assures that the SO pulse that is initiated in the 
window will be automatically extended sufficient time to 
be recognized. 

5. There remains the decision as to what signal will be used 
to latch the data from the output of the FIFO into the 
receiving source. The leading edge of the SO signal is 
most appropriate because data is guaranteed to be stable 
prior to and after the SO leading edge for each FIFO. 
This is a solution for any number of FIFOs in parallel. 

Any of the above solutions will provide a solution for cor- 
rect operation of a Cypress FIFO at 25 MHz. The specific 
implementation is left to the designer and dependent on the 
specific application needs. 
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CY7C401/CY7C403 

CY7C402/CY7C404 


Switching Waveforms 




Bubble Through, Data Out To Data In Diagram 



Note: 

Interfacing to the FIFO — 

Please refer to the Interfacing to the FIFO applications brief in the Applications Section at the back of this data book. 
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CYPRESS 

SEMICONDUCTOR 


CY7C401/CY7C403 

CY7C402/CY7C404 


Switching Waveforms (Continued) 


Bubble Through, Data In To Data Out Diagram 

SHIFT IN 


SHIFT OUT 


OUTPUT READY 


DATA OUT 
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NORMALIZED FREQUENCY NORMALIZED l CC 


CY7C401/ CY7C403 
CY7C402/CY7C404 



Typical DC and AC Characteristics 


NORMALIZED SUPPLY CURRENT NORMALIZED SUPPLY CURRENT OUTPUT SOURCE CURRENT 

vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE vs. OUTPUT VOLTAGE 



SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) OUTPUT VOLTAGE (V) 


NORMALIZED FREQUENCY 
vs. SUPPLY VOLTAGE 



NORMALIZED FREQUENCY 
vs. AMBIENT TEMPERATURE 



OUTPUT SINK CURRENT 
vs. OUTPUT VOLTAGE 



SUPPLY VOLTAGE (V) 


AMBIENT TEMPERATURE <°C) 


OUTPUT VOLTAGE (V) 


TYPICAL FREQUENCY CHANGE 
vs. OUTPUT LOADING 



NORMALIZED I C c 



CAPACITANCE (pF) 


FREQUENCY (MHz) 
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CY7C401/CY7C403 

CY7C402/CY7C404 



FIFO Expansion 

128 x 4 Application 



0014-14 


FIFOs can be easily cascaded to any desired depth. The handshaking and associated timing between the FIFOs are handled by the inherent timing of the 
devices. 



0014-15 


FIFOs are expandable in depth and width. However, in forming wider words two external gates are required to generate composite Input and Output 
Ready flags. This need is due to the variation of delays of the FIFOs. 


User Notes: 

1. When the memory is empty the last word read will remain on the 
outputs until the master reset is strobed or a new data word bubbles 
through to the output. However, OR will remain LOW, indicating 
data at the output is not valid. 

2. When the output data changes as a result of a pulse on SO, the OR 
signal always goes LOW before there is any change in output data and 
stays LOW until the new data has appeared on the outputs. Anytime 
OR is HIGH, there is valid stable data on the outputs. 

3. If SO is held HIGH while the memory is empty and a word is written 
into the input, that word will ripple through the memory to the out- 
put. OR will go HIGH for one internal cycle (at least toRL) and then 
go back LOW again. The stored word will remain on the outputs. If 
more words are written into the FIFO, they will line up behind the 
first word and will not appear on the outputs until SO has been 
brought LOW. 


4. When the master reset is brought LOW, the outputs are cleared to 
LOW, IR goes HIGH and OR goes LOW. If SI is HIGH when the 
master reset goes HIGH then the data on the inputs will be written 
into the memory and IR will return to the LOW state until SI is 
brought LOW. If SI is LOW when the master reset is ended, then IR 
will go HIGH, but the data on the inputs will not enter the memory 
until SI goes HIGH. 

5. All Cypress FIFOs will cascade with other Cypress FIFOs. However, 
they may not cascade with pin-compatible FIFO’s from other manu- 
facturers. 
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CY7C401/CY7C403 

CY7C402/CY7C404 



Ordering Information 


Ordering Code 
(25 MHz) 

Package 

Type 

Operating 

Range 


Ordering Code 
(15 MHz) 

Package 

Type 

Operating 

Range 


Ordering Code 
(10 MHz) 

Package 

Type 

Operating 

Range 

CY7C401-25PC 

PI 

Com. 


CY7C401-15PC 

PI 

Com. 


CY7C401-10PC 

PI 

Com. 

CY7C402-25PC 

P3 



CY7C402-15PC 

P3 



CY7C402-10PC 

P3 


CY7C403-25PC 

PI 



CY7C403-15PC 

PI 



CY7C403-10PC 

PI 


CY7C404-25PC 

P3 



CY7C404-15PC 

P3 



CY7C404-10PC 

P3 


CY7C401-25DC 

D2 



CY7C401-15DC 

D2 



CY7C401-10DC 

D2 


CY7C402-25DC 

D4 



CY7C402-15DC 

D4 



CY7C402- 10DC 

D4 


CY7C403-25DC 

D2 



CY7C403-15DC 

D2 



CY7C403-10DC 

D2 


CY7C404-25DC 

D4 



CY7C404-15DC 

D4 



CY7C404-10DC 

D4 


CY7C401-25LC 

L61 



CY7C401-15LC 

L61 



CY7C401-10LC 

L61 


CY7C402-25LC 

L61 



CY7C402-15LC 

L61 



CY7C402-10LC 

L61 


CY7C403-25LC 

L61 



CY7C403-15LC 

L61 



CY7C403-10LC 

L61 


CY7C404-25LC 

L61 



CY7C404-15LC 

L61 



CY7C404-10LC 

L61 


CY7C401-25DMB 

D2 

Mil. 


CY7C401-15DMB 

D2 

Mil. 


CY7C401-10DMB 

D2 

Mil. 

CY7C402-25DMB 

D4 



CY7C402-15DMB 

D4 



CY7C402- 10DMB 

D4 


CY7C403-25DMB 

D2 



CY7C403-15DMB 

D2 



CY7C403- 10DMB 

D2 


CY7C404-25DMB 

D4 



CY7C404- 1 5DMB 

D4 



CY7 C404- 1 ODMB 

D4 


CY7C401-25LMB 

L61 



CY7C401-15LMB 

L61 



CY7C401-10LMB 

L61 


CY7C402-25LMB 

L61 



CY7C402- 1 5LMB 

L61 



CY7C402-10LMB 

L61 


CY7C403-25LMB 

L61 



CY7C403-15LMB 

L61 



CY7C403-10LMB 

L61 


CY7C404-25LMB 

L61 



CY7C404- 1 5LMB 

L61 



CY7C404-10LMB 

L61 



Ordering Code 
(5 MHz) 

Package 

Type 

Operating 

Range 

CY7C401-5PC 

PI 

Com. 

CY7C402-5PC 

P3 
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CYPR ES S 

SEMICONDUCTOR 


CY7C401/CY7C403 

CY7C402/CY7C404 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 


Parameters 

Subgroups 

VOH 

1,2,3 

VoL 

1,2,3 

VlH 

1,2,3 

VlL Max. 

1,2,3 

Iix 

1,2,3 

loz 

1,2,3 

los 

1,2,3 

Icc 

1,2,3 


Switching Characteristics 


Parameters 

Subgroups 

fo 

7,8,9,10,11 

tPHSI 

7,8,9,10,11 

tPLSI 

7,8,9,10,11 

tssi 

7,8,9,10,11 

tHSI 

7,8,9,10,11 

tDLIR 

7,8,9,10,11 

tDHIR 

7,8,9,10,11 

tPHSO 

7,8,9,10,11 

tpLSO 

7,8,9,10,11 

tDLOR 

7,8,9,10,11 

tDHOR 

7,8,9,10,11 

tSOR 

7,8,9,10,11 

tHSO 

7,8,9,10,11 

tBT 

7,8,9,10,11 

tSIR 

7,8,9,10,11 

tHIR 

7,8,9,10,11 

tpiR 

7,8,9,10,11 

tP0R 

7,8,9,10,11 

tpMR 

7,8,9,10,11 

tDSI 

7,8,9,10,11 

tDOR 

7,8,9,10,11 

tDIR 

7,8,9,10,11 

tLZMR 

7,8,9,10,11 


Document #: 38-00040-D 


Parameters 

Subgroups 

tOOE 

7,8,9,10,11 

tHZOE 

7,8,9,10,11 
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CY7C408A 

CY7C409A 


CYPRESS 
SEMICONDUCTOR 


Cascadeable 64 x 8 FIFO 
Cascadeable 64 x 9 FIFO 


Features 


• 64 x 8 and 64 x 9 first-in first- 
out (FIFO) buffer memory 

• 35 MHz shift-in and shift-out 
rates 

• Almost Full/ Almost Empty and 
Half Full flags 

• Dual port RAM architecture 

• Fast, 50 ns, bubblethrough 

• Independent asynchronous inputs 
and outputs 

• Output Enable (CY7C408A) 

• Expandable in word width and 
FIFO depth 

• 5 V ±10% supply 

• TTL compatible 

• Capable of withstanding greater 
than 2000V electrostatic 
discharge voltage 

• 300 mil, 28-pin DIP 

Functional Description 

The CY7C408A and CY7C409A are 
64-word deep by 8- or 9-bit wide first- 
in first-out (FIFO) buffer memories. In 
addition to the industry standard hand- 
shaking signals, Almost Full/Almost 
Empty (AFE) and Half Full (HF) flags 
are provided. 


AFE is HIGH when the FIFO is al- 
most full or almost empty, otherwise 
AFE is LOW. HF is HIGH when the 
FIFO is half full, otherwise HF is 
LOW. 

The CY7C408A has an Output Enable 
(OE) function. 

The memory accepts 8- or 9-bit parallel 
words at its inputs (DIo-DIs) under 
the control of the Shift-In (SI) input 
when the Input-Ready (IR) control sig- 
nal is HIGH. The data is output, in the 
same order as it was stored, on the 
DO 0 -DO 8 output pins under the con- 
trol of the Shift-Out (SO) input when 
the Output-Ready (OR) control signal 
is HIGH. If the FIFO is full (IR 
LOW), pulses at the SI input are ig- 
nored: if the FIFO is empty (OR 
LOW), pulses at the SO input are ig- 
nored. 

The IR and OR signals are also used to 
connect the FIFO’s in parallel to make 
a wider word, or in series to make a 
deeper buffer, or both. 

Parallel expansion for wider words is 
implemented by logically ANDing the 
IR and OR outputs (respectively) of 
the individual FIFOs together (Figure 
7). The AND operation insures that all 
of the FIFOs are either ready to accept 


more data (IR HIGH) or are ready to 
output data (OR HIGH) and thus 
compensate for variations in propaga- 
tion delay times between devices. 

Serial expansion (cascading) for deeper 
buffer memories is accomplished by 
connecting the data outputs of the 
FIFO closest to the data source (up- 
stream device) to the data inputs of the 
following (downstream) FIFO (Figure 
6). In addition, to insure proper opera- 
tion, the SO signal of the upstream 
FIFO must be connected to the IR out- 
put of the downstream FIFO and the 
SI signal of the downstream FIFO 
must be connected to the OR output of 
the upstream FIFO. In this serial ex- 
pansion configuration, the IR and OR 
signals are used to pass data through 
the FIFOs. 

Reading and writing operations are 
completely asynchronous, allowing the 
FIFO to be used as a buffer between 
two digital machines of widely differing 
operating frequencies. The high shift-in 
and shift-out rates of these FIFOs, and 
their high throughput rate due to the 
fast bubblethrough time, which is due 
to their dual port RAM architecture, 
make them ideal for high speed com- 
munications and controllers. 


Logic Block Diagram 



Flag Definitions 


HF 

AFE 

Words Stored 

L 

H 

0-8 

L 

L 

9-31 

H 

L 

32-55 

H 

H 

56-64 


Pin Configurations 




TJ- 



AFE C 

1 


28 

3 v cc 

HF C 

2 


27 

□ MR 

IRC 

3 


26 

□ SO 

SIC 

4 


25 

□ OR 

OI 0 C 

5 


24 

3do 0 

DI,C 

6 


23 

□ DO, 

gndC 

7 

7C408A 

7C409A 

22 

3GND 

di 2 C 

8 


21 

□ do 2 

di 3 c 

9 


20 

□ k>3 

di 4 C 

10 


19 

□ do 4 


11 


18 

□ DOs 

di 6 C 

12 


17 

□ do 6 

di 7 c 

13 


16 

□ do 7 

7C408A NCC 

14 


15 

□ OE 7C408A 

7C409A Dl 8 




D0 8 7C409A 


0065-2 



5-16 
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SEMICONDUCTOR 


CY7C408A 

CY7C409A 


Selection Guide 



Maximum Operating 
Current (mA)l 2 l 


Commercial 


Military 


7C408A-15 

7C409A-15 

7C408A-25 

7C409A-25 

7C408A-35 

7C409A-35 

15 

25 

35 

115 

125 

135 

140 

150 

N/A 




Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 

Storage Temperature — 65°C to + 1 50°C Static Discharge V 

Ambient Temperature with (P er MIL-STD-88. 

Power Applied - 55°c to + 125-c Operating Ran 

Supply Voltage to Ground Potential .... —0.5V to + 7.0V 

DC Voltage Applied to Outputs Range 

in High Z State (7C408A) - 0.5V to + 7.0V : 

DC Input Voltage - 3.0V to + 7.0V -° ni — r - -~ 

Power Dissipation 1.0W MlHtary - 

Output Current, into Outputs (Low) 20 mA 

Electrical Characteristics Over Operating Range (Unless Otherwise Noted) t 5 ] 


Static Discharge Voltage > 2001V 

(per MIL-STD-883 Method 3015) 

Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70°C 

5V + 10% 

Military M 

— 55°C to +125°C 

5V ± 10% 


Parameters 

Description 

Test Conditions 

VoH 

Output HIGH Voltage 

Vcc = Min., Ioh = —4.0 mA 

VOL 

Output LOW Voltage 

Vcc = Min., Iol = 8.0 mA 

VlH 

Input HIGH Voltage 


VlL 

Input LOW Voltage 


Iix 

Input Leakage Current 

GND 5S Vi £ V C c 

Ios 

Output Short Circuit Current HI 

Vcc = Max., Vout = GND 

IcCq 

Quiescent Power Supply Current 

Vcc = Max., Iout = 0 mA Commercial 

Vin ^ Vil, V IN > Vih Military 

Icc 

Power Supply Current 

Icc = Iccq + 1 mA/MHz X (fgi + fso)/2 


CY7C408A 

CY7C409A 

1 Min. 

Max. 

mm 



0.4 

2.2 

Vcc 

-3.0 

0.8 

-10 

+ 10 


-90 


100 


125 



Capacitance 


Parameters 

Description 

Test Conditions 

Max. 

ClN 

Input Capacitance 

T a = 25°C, f = 1 MHz 

5 

CoUT 

Output Capacitance 

Vcc = 4.5V 

7 


Notes: 

1. For test purposes, not more than one output at a time should be 
shorted. Short circuit test duration should not exceed 30 seconds. 

2. Icc = Iccq + 1 m A/MHz X (f S i + f SO )/2 

AC Test Load and Waveforms 


3. Tested initially and after any design or process changes that may 
affect these parameters. 

4. Ta is the “instant on” case temperature. 

5. See the last page of this specification for Group A subgroup testing 
information. 



— 1— INCLUDING — I— 
“ JIG AND ~ 
SCOPE 


Figure la 


Equivalent to: THEVENIN EQUIVALENT 

i67n 



—I— INCLUDING _L_ 
— JIG AND ~ 
SCOPE 


Figure lb 



Figure 2. All Input Pulses 
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CYPRESS 

SEMICONDUCTOR 


CY7C408A 

CY7C409A 


Switching Characteristics Over the Operating Ranged. 6] 


Parameters 

Description 

fo 

Operating Frequency 

tpHSI 

SI HIGH Time 

tpLSl 

SI LOW Time 

tssi 

Data Setup to SI 

tHSI 

Data Hold from SI 

tDLIR 

Delay, SI HIGH to IR LOW 

tDHIR 

Delay, SI LOW to IR HIGH 

tPHSO 

SO HIGH Time 

tpLSO 

SO LOW Time 

tDLOR 

Delay, SO HIGH to OR LOW 

tDHOR 

Delay, SO LOW to OR HIGH 

tsOR 

Data Setup to OR HIGH 

tHSO 

Data Hold from SO LOW 

tBT 

Fallthrough, Bubbleback Time 

tsiR 

Data Setup to IR 

tHIR 

Data Hold from IR 

tpiR 

Input Ready Pulse HIGH 

tpOR 

Output Ready Pulse HIGH 

tDLZOE 

OE LOW to LOW Z (7C408) 

tDHZOE 

OE HIGH to HIGH Z (7C408) 

tDHHF 

SI LOW to HF HIGH 

tDLHF 

SO LOW to HF LOW 

tDLAFE 

SO or SI LOW to AFE LOW 

tDHAFE 

SO or SI LOW to AFE HIGH 

tpMR 

MR Pulse Width 

tDSI 

MR HIGH to SI HIGH 

tDOR 

MR LOW to OR LOW 

tDIR 

MR LOW to IR HIGH 

tLZMR 

MR LOW to Output LOW 

tAFE 

MR LOW to AFE HIGH 

tHF 

MR LOW to HF LOW 

tOD 

SO LOW to Next Data Out Valid 


Notes: 





6. Test conditions assume signal transition time of 5 ns or less, timing 
reference levels of 1.5 V and output loading of the specified Iol/Ioh 
and 30 pF load capacitance, as in Figure 1. 

7. 1/fo s? (tpHSI + tpLSl), 1/fo ^ (tPHSO + tpLSO)- 

8. tssi and tnsi apply when memory is not full. 

9- tsiR and tniR apply when memory is full, SI is HIGH and minimum 
bubblethrough (tBf) conditions exist. 


1 1 At any given operating condition tpoR ^ (tpHSI required). 

12. toHZOE and tpLZOE are specified with Cl = 5 pF as in Figure lb. 
tDHZOE transition is measured + 500 mV from steady state voltage. 
tDLZOE transition is measured + 100 mV from steady state voltage. 
These parameters are guaranteed and not 100% tested. 

1 3. All data outputs will be at LOW level after reset goes HIGH until 
data is entered into the FIFO. 


10. At any given operating condition tpiR ^ ftpnso required). 
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CY7C409A 


Switching Waveforms (Continued) 
Data In Timing Diagram 



FIFO Contains 31 Words 



Output Enable (CY7C408A only) 






Switching Waveforms (Continued) 


CY7C408A 

CY7C409A 


Data In Timing Diagram 



© FIFO Contains 55 Words 
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Master Reset Timing Diagram 
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CY7C409A 


Shifting Words In 


EMPTY FULL 

1 2 8 9 10 31 32 33 55 56 57 64 



Shifting Words Out 


FULL EMPTY 

64 63 56 55 54 32 31 30 9 8 7 1 



Figure 4 


Architecture of the CY7C408A and 
CY7C409A 

The CY7C408A and CY7C409A FIFOs consist of an ar- 
ray of 64 words of 8- or 9-bits each (which are implement- 
ed using a dual port RAM cell), a write pointer, a read 
pointer and the control logic necessary to generate the 
handshaking (SI/IR, SO/OR) signals as well as the Almost 
Full/ Almost Empty (AFE) and the Half Full (HF) flags. 
The handshaking signals operate in a manner identical to 
those of the industry standard CY7C401/402/403/404 
FIFOs. 

Dual Port RAM 

The dual port RAM architecture refers to the basic memo- 
ry cell used in the RAM. The cell itself enables the read 
and write operations to be independent of each other, 
which is necessary to achieve truly asynchronous operation 
of the inputs and outputs. A second benefit is that the time 
required to increment the read and write pointers is much 
less than the time that would be required for data to propa- 
gate through the memory, which would be the case if the 
memory were implemented using the conventional register 
array architecture. 

Fallthrough and Bufobleback 

The time required for data to propagate from the input to 
the output of an initially empty FIFO is defined as the 
Fallthrough time. 

The time required for an empty location to propagate from 
the output to the input of an initially full FIFO is defined 
as the Bubbleback time. 

The maximum rate at which data can be passed through 
the FIFO (called the throughput) is limited by the fall- 


through time when it is empty (or near empty) and by the 
bubbleback time when it is full (or near full). 

The conventional definitions of fallthrough and bubbleback 
do not apply to the CY7C408A and CY7C409A FIFOs 
because the data is not physically propagated through the 
memory. The read and write pointers are incremented in- 
stead of moving the data. However, the parameter is speci- 
fied because it does represent the worst case propagation 
delay for the control signals. That is, the time required to 
increment the write pointer and propagate a signal from 
the SI input to the OR output of an empty FIFO or the 
time required to increment the read pointer and propagate 
a signal from the SO input to the IR output of a full FIFO. 

Resetting the FIFO 

Upon powe r up, the FIFO must be reset with a Master 
Reset (MR) signal. This causes the device to enter the emp- 
ty condition, which is signified by the OR signal being 
LOW at the same time that the IR signal is HIGH. In this 
condition, the data outputs (DOo-DOs) will be LOW. The 
AFE flag will be HIGH and the HF flag will be LOW. 

Shifting Data Into the FIFO 

The availability of an empty location is indicated by the 
HIGH state of the Input Ready (IR) signal. When IR is 
HIGH a LOW to HIGH transition on the Shift-In (SI) pin 
will clock the data on the DIo-DIg inputs into the FIFO. 
Data propagates through the device at the falling edge of 
SI. 

The IR output will then go LOW, indicating that the data 
has been sampled. The HIGH to LOW transition of the SI 
signal initiates the LOW to HIGH transition of the IR 
signal if the FIFO is not full. If the FIFO is full, IR will 
remain LOW. 
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Shifting Data Out of the FIFO 

The availability of data at the outputs of the FIFO is indi- 
cated by the HIGH state of the Output Ready (OR) signal. 
After the FIFO is reset all data outputs (DOo-DOs) will 
be in the LOW state. As long as the FIFO remains empty 
the OR signal will be LOW and all Shift Out (SO) pulses 
applied to it will be ignored. After data is shifted into the 
FIFO the OR signal will go HIGH. The external control 
logic (designed by the user) should use the HIGH state of 
the OR signal to generate a SO pulse. The data outputs of 
the FIFO should be sampled with edge sensitive type D 
flip-flops (or equivalent), using the SO signal as the clock 
input to the flip-flop. 

Interfacing to the FIFO Application Brief 

See the application brief in the back of this databook for 
information regarding interfacing to the FIFO under asyn- 
chronous operating conditions. 

AFE and HF Flags 

Two flags, Almost Full/ Almost Empty (AFE) and Half 
Full (HF), describe how many words are stored in the 
FIFO. AFE is HIGH when there are eight or less, or 56 or 
more, words stored in the FIFO. Otherwise the AFE flag is 
LOW. HF is HIGH when there are 32 or more words 
stored in the FIFO, otherwise the HF flag is LOW. Flag 
transitions occur relative to the falling edges of SI and SO 
( Figures 3 and 4). 

Due to the asynchronous nature of the SI and SO signals, it 
is possible to encounter specific timing relationships which 
may cause short pulses on the AFE and HF flags. These 
pulses are entirely due to the dynamic relationship of the SI 
and SO signals. The flags, however, will always settle to 
their correct state after the appropriate delay (toHAFE. 
tDLAFE. tDHHF or tDLHF)- Therefore, use of level-sensi- 
tive rather than edge-sensitive flag detection devices is rec- 
ommended to avoid false flag encoding. 

Cascading the 7C408/9A-35 Above 25 MHz 

If cascaded FIFOs are to be operated with an external 
clock rate greater than 25 MHz, the interface IR signal 


must be inverted before being fed back to the interface SO 
pin (Figure 5). Two things should be noted when this con- 
figuration is implemented. 

First, the capacity of N cascaded FIFOs is decreased from 
N X 64 to (N X 63) + 1. 

Secondly, the frequency at the cascade interface is less than 
the 35 MHz rate at which the external clocks may operate. 
Therefore, the first device has its data Shifted-In faster 
than it is Shifted-Out and eventually this device becomes 
momentarily full. When this occurs, the maximum sustain- 
able external clock frequency changes from 35 MHz to the 
cascade interface frequency.! 14 ] 

When data packets t 15 ] are transmitted, this phenomenon 
does not occur unless more than three FIFOs are depth 
cascaded. For example, if two FIFOs are cascaded, a pack- 
et of 127 ( = 2 X 63 + 1) words may be shifted-in at up to 
35 MHz and then the entire packet may be shifted-out at 
up to 35 MHz. 

If data is to be shifted-out simultaneously with the data 
being shifted-in, the concept of “virtual capacity” is intro- 
duced. Virtual capacity is simply how large a packet of 
data can be shifted-in at a fixed frequency, e.g., 35 MHz, 
simultaneously with data being shifted-out at any given fre- 
quency. Figure 8 is a graph of packet size t 1 6] vs. shift-out 
frequency (fsox) for two different values of Shift-In fre- 
quency (fsix) when two FIFOs are cascaded. 

The exact complement of this occurs if the FIFOs initially 
contain data and a high Shift-Out frequency is to be main- 
tained, i.e., a 35 MHz fsox can be sustained when reading 
data packets from devices cascaded two or three deep. If 
data is shifted-in simultaneously, Figure 8 applies with fsi x 
and fsox interchanged. 

Notes: 

14. Because the data throughput in the cascade interface is dependent on 
the inverter delay, it is recommended that the fastest available invert- 
er be used. 

15. Transmission of data packets assumes that up to the maximum cu- 
mulative capacity of the FIFOs is Shifted-in without simultaneous 
Shift-Out clocks occurring. The complement of this holds when data 
is Shifted-Out as a packet. 

1 6. These are typical packet sizes using an inverter whose delay is 4 ns. 

17. Only devices with the same speed grade are specified to cascade 
together. 


A B C 






IR 

SO 







SI 

OR 




w 











"inx i n 









1 2 • • • n 


S0 X 

0R X 

d outx 


•4 UPSTREAM 

DOWNSTREAM ► 


Figure 5. Cascaded Configuration Above 25 MHz 
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FIFO Expansion 


HF/AFE ◄- 
SHIFT IN — 
INPUT READY ◄- 


128 

SI 

OR 

IR 

SO 

Dl 0 

D0 0 

Dl, 

DO, 

di 2 

do 2 

di 3 

DOj 

di 4 

do 4 

D'S 

do 5 

Dig 

D0 6 

Di 7 

do 7 

Dig 

— DOg 


MR 


128 x 9 Configuration 

HF/AFE I 


OR 

SO 

D0 0 

DO, 

D0 2 


DO. 


■* OUTPUT READY 
— SHIFT OUT 


MR ' 


Figure 6. Cascaded Configuration at or below 25 MHz 

FIFOs can be easily cascaded to any desired depth. The handshaking and associated timing between the FIFOs are handled by the inherent timing of the 
devices. 


User Notes referencing Figures 6 and 7: 

1. When the memory is empty the last word read will remain on the 
outputs until the master reset is strobed or a new data word falls 
through to the output. 

2. When the output data changes as a result of a pulse on SO, the OR 
signal always goes LOW before there is any change in output data and 
stays LOW until the new data has appeared on the outputs. Anytime 
OR is HIGH, there is valid stable data on the outputs. 


3. If SO is held HIGH while the memory is empty and a word is written 
into the input, that word will fall through the memory to the output. 
OR will go HIGH for one internal cycle (at least tpoiO and then go 
back LOW again. The stored word will remain on the outputs. If 
more words are written into the FIFO, they will line up behind the 
first word and will not appear on the outputs until SO has been 
brought LOW. 

4. When the master reset is brought LOW, the outputs are cleared to 
LOW, IR goes HIGH and OR goes LOW. 
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FIFO Expansion (Continued) 


192 x 27 Configuration 



Figure 7. Depth and Width Expansion 


FIFOs are expandable in depth and width. However, in forming wider words two external gates are required to generate composite Input and Output 
Ready flags. This need is due to the variation of delays of the FIFOs. 



0 4 8 12 16 20 24 28 32 36 

OUTPUT RATE (f sox ) OF BOTTOM FIFO (MHz) 

0065-24 

Figure 8. Virtual Capacity vs. Output Rate for Two FIFOs Cascaded Using an Inverter 


5-26 
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Typical DC and AC Characteristics 


NORMALIZED SUPPLY CURRENT NORMALIZED SUPPLY CURRENT OUTPUT SOURCE CURRENT 

vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE vs. OUTPUT VOLTAGE 



SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) OUTPUT VOLTAGE (V) 



NORMALIZED FREQUENCY NORMALIZED FREQUENCY OUTPUT SINK CURRENT 

vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE vs. OUTPUT VOLTAGE 



SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) OUTPUT VOLTAGE (V) 


TYPICAL FREQUENCY CHANGE 
vs. OUTPUT LOADING 



NORMALIZED Ice 
vs. FREQUENCY 



CAPACITANCE (pF) 


FREQUENCY (MHz) 
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Ordering Information 


Frequency 

(MHz) 

Ordering Code 

Package 

Type 

Operating 

Range 

35 

CY7C408A-35PC 

P21 

Commercial 

CY7C408A-35DC 

D22 

CY7C408A-35LC 

L64 

CY7C408A-35VC 

V21 

25 

CY7C408A-25PC 

P21 

Commercial 

CY7C408A-25DC 

D22 

CY7C408A-25LC 

L64 

CY7C408A-25VC 

V21 

CY7C408A-25DMB 

D22 

Military 

CY7C408A-25LMB 

L64 

CY7C408A-25KMB 

K74 

15 

CY7C408A-15PC 

P21 

Commercial 

CY7C408 A- 1 5DC 

D22 

CY7C408A-15LC 

L64 

CY7C408A-15VC 

V21 


CY7C408A-15DMB 

D22 

Military 


CY7C408 A- 1 5LMB 

L64 



CY7C408A-15KMB 

K74 



Frequency 

(MHz) 

Ordering Code 

Package 

Type 

Operating 

Range 

35 

CY7C409A-35PC 

P21 

Commercial 

CY7C409A-35DC 

D22 

CY7C409A-35LC 

L64 

CY7C409A-35VC 

V21 

25 

CY7C409A-25PC 

P21 

Commercial 

CY7C409A-25DC 

D22 

CY7C409A-25LC 

L64 

CY7C409A-25VC 

V21 

CY7C409A-25DMB 

D22 

Military 

CY7C409A-25LMB 

L64 

CY7C409A-25KMB 

K74 

15 

CY7C409A- 1 5PC 

P21 

Commercial 

CY7C409 A- 1 5DC 

D22 

CY7C409A- 1 5LC 

L64 

CY7C409A-15VC 

V21 


CY7C409A-15DMB 

D22 

Military 


CY7C409A-15LMB 

L64 



CY7C409 A- 1 5KMB 

K74 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 


Parameters 

Subgroups 

VOH 

1,2,3 

VOL 

1,2,3 

VlH 

1,2,3 

Vjl Max. 

1,2,3 

Iix 

1,2,3 

los 

1,2,3 

ICCQ 

1,2,3 


CY7C408A 

CY7C409A 


Switching Characteristics 


Parameters 

Subgroups 

fo 

7,8,9,10,11 

tPHSI 

7,8,9,10,11 

tPLSI 

7,8,9,10,11 

tssi 

7,8,9,10,11 

tHSI 

7,8,9,10,11 

tDLIR 

7,8,9,10,11 

tDHIR 

7,8,9,10,11 

tpHSO 

7,8,9,10,11 

tpLSO 

7,8,9,10,11 

tDLOR 

7,8,9,10,11 

tDHOR 

7,8,9,10,11 

tSOR 

7,8,9,10,11 

tHSO 

7,8,9,10,11 

tBT 

7,8,9,10,11 

tSIR 

7,8,9,10,11 

tHIR 

7,8,9,10,11 

tpiR 

7,8,9,10,11 

tpOR 

7,8,9,10,11 

tSIIR 

7,8,9,10,11 

tSOOR 

7,8,9,10,11 

tDLZOE 

7,8,9,10,11 

tDHZOE 

7,8,9,10,11 

tDHHF 

7,8,9,10,11 

tDLHF 

7,8,9,10,11 


Document #: 38-00059-E 


Parameters 

Subgroups 

tDLAFE 

7,8,9,10,11 

tDHAFE 

7,8,9,10,11 

tB 

7,8,9,10,11 

tOD 

7,8,9,10,11 

tPMR 

7,8,9,10,11 

tDSI 

7,8,9,10,11 

tDOR 

7,8,9,10,11 

tDIR 

7,8,9,10,11 

tLZMR 

7,8,9,10,11 

tAFE 

7,8,9,10,11 

tHF 

7,8,9,10,11 
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CY7C420, CY7C421, CY7C424 
CY7C425, CY7C428, CY7C429 

SEMICONDUCTOR Cascadeable 512 x 9 FIFO 

Cascadeable 1024 x 9 FIFO 
Cascadeable 2048 x 9 FIFO 



Features 

• 512 x 9, 1024 x 9, 2048 x 9 
FIFO buffer memory 

• Dual port RAM cell 

• Asynchronous read/write 

• High speed 33.3 MHz 
read/write independent of 
depth/width 

• Low operating power 

Icc (max.) = 142 mA commercial 
Ice (max.) = 147 mA military 

• Half full flag in standalone 

• Empty and full flags 

• Retransmit in standalone 

• Expandable in width and depth 

• Parallel Cascade minimizes 
bubblethrough 

• 5V ±10% supply 

• 300 mil DIP packaging 

• 300 mil SOJ packaging 

• TTL compatible 

• Three-state outputs 

• Fin compatible and functional 
equivalent to IDT7201, IDT7202 
and IDT7203 


Functional Description 

The (CY7C420, CY7C421,) 

(CY7C424, CY7C425,) and 
(CY7C428, CY7C429) are, respective- 
ly, 512, 1024 and 2048 words by 9-bit 
wide first-in first-out (FIFO) memories 
offered in 600 mil wide and 300 mil 
wide packages, respectively. Each 
FIFO memory is organized such that 
the data is read in the same sequential 
order that it was written. Full and 
Empty flags are provided to prevent 
over-run and under-run. Three addi- 
tional pins are also provided to facili- 
tate unlimited expansion in width, 
depth, or both. The depth expansion 
technique steers the control signals 
from one device to another in parallel, 
thus eliminating the serial addition of 
propagation delays so that throughput 
is not reduced. Data is steered in a sim- 
ilar manner. 

The read and write operations may be 
asynchronous; each can occur at a rate 
of 33.3 MHz. The write operation oc- 
curs when the Write (W) signal is^ 
LOW. Read occurs when Read (R) 


goes LOW. The 9 data outputs go to 
the high impedance state when R is 
HIGH. 

A Half-Full (HF) output flag is provid- 
ed that is valid in the standalone and 
width expansion configurations. In the 
depth expansion configurati on t his pin 
provides the expansion out (XO) infor- 
mation which is used to tell the next 
FIFO that it will be activated. 

In the standalone and width expansion 
configurations a LOW on the Retrans- 
mit (RT) input causes the FIFO’s to 
retransmit the data^Read Enable (R) 
and Write Enable (W) must both be 
HIGH during a retransmit cycle, and 
then R is used to access the data. 

The CY7C420, CY7C421, CY7C424, 
CY7C425, CY7C428 and CY7C429 
are fabricated using an advanced 0.8 
micron N-well CMOS technology. In- 
put ESD protection is greater than 
2000V and latchup is prevented by 
careful layout, guard rings and a sub- 
strate bias generator. 
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SEMICONDUCTOR 


CY7C420, CY7C421, CY7C424 
CY7C425, CY7C428, CY7C429 


Selection Guide 



7C420-20, 7C421-20 
7C424-20, 7C425-20 
7C428-20, 7C429-20 

7C420-25, 7C421-25 
7C424-25, 7C425-25 
7C428-25, 7C429-25 

7C420-30, 7C421-30 
7C424-30, 7C425-30 
7C428-30, 7C429-30 

7C420-40, 7C421-40 
7C424-40, 70425-40 
70428-40, 70429-40 

70420-65, 70421-65 
70424-65, 70425-65 
70428-65, 70429-65 

Frequency (MHz) 

— ■ 

28.5 

25 

20 

12.5 

Access Time (ns) 

mmm mm 

25 

30 

40 

65 

Maximum Operating 


142 

132 

125 

115 

100 

Current (mA) 

Military 


147 

140 

130 

115 


Maximum Ratings 

'Above which the useful life may be impaired. For user guidelines, not tested.) 

Storage Temperature — 65°Cto +150°C 

Ambient Temperature with 

Power Applied — 55°C to + 125°C 

Supply Voltage to Ground Potential .... —0.5V to + 7.0V 


DC Voltage Applied to Outputs 

in High Z State —0.5V to + 7.0V 

DC Input Voltage —3.0V to + 7.0V 

Power Dissipation 1.0W 

Output Current, into Outputs (Low) 20 mA 


Static Discharge Voltage > 2001V 

(per MIL-STD-883 Method 3015) 

Latch-up Current > 200 mA 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70°C 

5V ± 10% 

Industrial 

— 40° C to + 85°C 

5V ± 10% 

MilitaryLl 

— 55°C to +125°C 

5V ± 10% 


Electrical Characteristics Over Operating RangeM 


Parameter 

Description 

Test Conditions 

CY7C420-20 

CY7C421-2Q 

CY7C424-20 

CY7C425-20 

CY7C428-20 

CY7C429-20 

CY7C420-25 

CY7C421-25 

CY7C424-25 

CY7C425-25 

CY7C428-25 

CY7C429-25 

CY7C420-30 

CY7C421-30 

CY7C424-30 

CY7C425-30 

CY7C428-30 

CY7C429-30 

CY7C420-40 

CY7C421-40 

CY7C424-40 

CY7C425-40 

CY7C428-40 

CY7C429-40 

CY7C420-65 

CY7C421-65 

CY7C424-65 

CY7C425-65 

CY7C428-65 

CY7C429-65 

Units 

ill 



^3 


(23 


^^3 


^^3 

VOH 

Output HIGH Voltage 

Vcc = Min., Ion = — 2 mA 

Mgfli 




d 




d 


D 

^OL 

Output LOW Voltage 

Vcc = Min., Iql = 8.0 mA 

S3 

Kill 










VlH 

Input HIGH Voltage 



Blgllll 

Bll 

EH 

EB 

■MUM 

ESI 

Pi 

ESI 

MUSM 


D 

M1L/IND 


a 



es 


IBS 





ViL 

Input LOW Voltage 



m 



mm 


ifcfefil 


beei 



hx 

Input Leakage Current 

GND < V r <1 V C c 

IIS 

BBS 


QQ 

BH 


BQI 





!oz 

Output Leakage 
Current 

R > Vih, GND <1 V Q < V cc 

-10 

■ 

-10 


-10 


-10 


-10 



!CC 

Operating Current 

Vcc = Max., 

Iout = 0 mA 

COM’Lts] 


Ba 










MILt6]/lND 


a 


147 




130 


m 


ISB i 

Standby Current 

All Inputs = Vjh Min. 

COM’L 


MRU 


Q 


m 


o 



123 

MIL/IND 


rs 


Kil 




Eil 


Ifiil 


!SB2 

Power Down Current 

All Inputs 

V CC -0.2V 

COM’L 


Hi 






PfS 



JJ 

MIL/IND 








El 



2 

[qs 

Output Short Circuit 
Current! l] 

Vcc = Max., VouT = GND 


lii 









JJj 


Shaded area contains preliminary information. 


Capacitance ^ 


Parameters 

Description 

Test Conditions 

Max. 

Units 

ClN 

Input Capacitance 

T A = 25°C, f = 1 MHz 

5 

pF 

CoUT 

Output Capacitance 

V CC = 4.5V 

7 


Notes: 

1. For test purposes, not more than one output at a time should be 
shorted. Short circuit test duration should not exceed 30 seconds. 

1. Tested initially and after any design or process changes that may 
affect these parameters. 

S. Ta is the “instant on” case temperature. 

1. See the last page of this specification for Group A subgroup testing 
information. 


5- Ice (commercial) = 100 mA + [(f — 12.5) * 2 m A/MHz] for 
fl> 12.5 MHz 

where f = the larger of the write or read 
operating frequency. 

6. Ice (military) =115 mA + [(f — 12.5) * 2 m A/MHz] for 
f > 12.5 MHz 

where f = the larger of the write or read 
operating frequency. 
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CY7C420, CY7C421, CY7C424 
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AC Test Load and Waveform 


R1 5000. 



0081-4 

Figure la 


R1 500X1 



Figure lb 


7 

f- 90% * 

jr 90% 

10%-/ 



r 10% 

<5 ns — ►! 

— — *j 


< — «S5 ns 


0081 -G 

Figure 2. All Input Pulses 


Equivalent to: THEVENIN EQUIVALENT 


200X1 

OUTPUT O WV O 2V 


0081-6 


Switching Characteristics Over the Operating Ranged. 4] 


Parameter 

Description 

70420-20, 70421-20 

7C424-20, 7C425-20 
70428-20, 7C429-20 

7C420-25, 7C421-25 
7C424-25, 7C425-25 
7C428-25, 7C429-25 

7C420-30, 7C421-30 
7C424-30, 7C425-30 
70428-30, 7C429-30 

7C420-40, 7C421-40 
7C424-40, 7C425-40 
7C428-40, 70429-40 

70420-65, 70421-65 
70424-65, 70425-65 
70428-65, 70429-65 

Units 

Min, ■' 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

tRC 

Read Cycle Time 

■ 30 


35 


40 


50 


80 



tA 

Access Time 




25 


30 


40 


65 

IS: 

tRR 

Read Recovery Time 

10 


10 


10 


10 


15 



tPR 

Read Pulse Width 



25 


30 


40 


65 



lLZR [3] 




3 


3 


3 


3 



tDVR^ 2 ’ ^ 

Read HIGH to Data Valid 

PShS 


3 


3 


3 


3 



tHZR [2 ’ 31 

Read HIGH to High Z 

■■ 

ilflUili 


18 


20 


25 


30 


two 

Write Cycle Time 

30 


35 


40 


50 


80 



tpw 




25 


30 


40 


65 


Sffji 

tHWZ^ 3 ' 

Write HIGH to Low Z 

r 


10 


10 


10 


10 


B 

tWR 

Write Recovery Time 

10 

ilpHil 

10 


10 


10 


15 



tSD 

Data Set-Up Time 

MM 

■M 

15 


18 


20 


30 



tHD 

Data Hold Time 

jH iliii 


0 


0 


0 


10 



tMRSC 


. 30 ' '> 


35 


40 


50 


80 



tPMR 


20 


25 


30 


40 


65 


UH 

tRMR 


1 10 


10 


10 


10 


15 



tRPW 

Read HIGH to MR HIGH 

20 


25 


30 


40 


65 


B 

tWPW 

Write HIGH to MR HIGH 

20 


25 


30 


40 


65 



tRTC 

Retransmit Cycle Time 

30 


35 


40 


50 


80 



tPRT 

Retransmit Pulse Width 



25 


30 


40 


65 



tRTR 

Retransmit Recovery Time 

10 


10 


10 


10 


15 


■■■ 

tEFL 

MR to EF LOW 


30 


35 


40 


50 


80 

HI 

tHFH 

MR to HF HIGH 

■■■ 

30 


35 


40 


50 


80 


tFFH 

MR to FF HIGH 


30 


35 


40 


50 


80 

,f ! ^l 

tREF 

Read LOW to IF LOW 


25 


25 


30 


35 


60 


tRFF 

Read HIGH to FF HIGH 


25 


25 


30 


35 


60 


tWEF 

Write HIGH to EF HIGH 


25 


25 


30 


35 


60 

191 

twFF 

Write LOW to FF LOW 


25 


25 


30 


35 


60 



Shaded area contains preliminary information. 
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CY7C420, CY7C421, CY7C424 
CY7C425, CY7C428, CY7C429 


Switching Characteristics Over the Operating Ranged- 4] (Continued) 


Parameter 

Description 

7C420-20, 7C42I-20 
7C424-20, 7C425-20 

7C428-20, 7C429-20 

7C420-25, 7C421-25 
7C424-25, 7C425-25 
7C428-25, 7C429-25 

7C420-30, 7C421-30 
7C424-30, 7C425-30 
7C428-30, 7C429-30 

7C420-40, 7C421-40 
7C424-40, 7C425-40 
7C428-40, 7C429-40 

7C420-65, 7C421-65 
7C424-65, 7C425-65 
7C428-65, 7C429-65 

Units 

Min. 

Msx. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

tWHF 

Write LOW to HF LOW 

■Hi 

' 30 


35 


40 


50 


80 


tRHF 

Read HIGH to HF HIGH 

■■ 

1 30 


35 


40 


50 


80 


tRAE 

Effective Read from 

Write HIGH 

lii 



25 


30 


35 


60 

ns 

tRPE 

Effective Read Pulse 
Width after EF HIGH 

20 


25 


30 


40 


65 


ns 

tWAF 



jgi^M 


25 


30 


35 


60 

ns 

tWPF 

Effective Write Pulse 
Width after FF HIGH 

■1 

HIM 

25 


30 


40 


65 


ns 

tXOL 


■ 

20 


25 


30 


40 


65 

ns 

tXOH 


* 

Siilli:’ 

20 


25 


30 


40 


65 

ns 


Shaded area contains preliminary information. 

Notes: 

1. Test conditions assume signal transition time of 5 ns or less, timing 
reference levels of 1.5V and output loading of the specified Iol/Ioh 
and 30 pF load capacitance, as in Figure la, unless otherwise speci- 
fied. 

2. tjiZR and tovR use capacitance loading as in Figure lb. 


3- tnzR transition is measured at + 500 mV from Vol and — 500 mV 
from Voh- tDVR transition is measured at the 1.5V level, tnwz and 
tLZR transition is measured at + 100 mV from the steady state. 

4. See the last page of this specification for Group A subgroup testing 
information. 


Switching Waveforms 

Asynchronous Read and Write Timing Diagram 


> 

0081-7 


^bdc 


jt — \ 


y 


MX 


DATA OUTVAUD XXXX DATA OUT VALID 


4 HZR - 

rA OUT VALID 3© 


/ \ 


DATA IN VALID 


*HD — *" 

isD- 


y 


Master Reset Timing Diagram 


Notes: 

1- tMRSC = tpMR + tRMR- 


1 


[ 2 ] ^ 


I 




JT 


jr 


2. W and R = Vjh around the rising edge of MR. 
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CY7C420, CY7C421, CY7C424 
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Switching Waveforms (Continued) 


Half-Full Flag Timing Diagram 




Retransmit Timing Diagram 
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Switching Waveforms (Continued) 




Expansion Timing Diagrams 


WRITE TO LAST PHYSICAL WRITE TO FIRST PHYSICAL 

LOCATION OF DEVICE 1 LOCATION OF DEVICE 2 



READ FROM LAST PHYSICAL READ FROM FIRST PHYSICAL 

LOCATION OF DEVICE 1 LOCATION OF DEVICE 2 



*Expansion Out of Device 1 (XOi) is connected to Expansion In of Device 2 (XI 2 ). 


0081-16 
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Architecture 


The CY7C420/421/424/425/428/429 FIFOs consist of an 
array of 5 12/1024/2048 words of 9-bits each (implemented 
by an array of dual port RAM cell s), a read poin ter, a write 
pointer, control signals (W, R, XI, XO, FL, RT, MR) and 
Full, Half Full, and Empty flags. 

Dual Port RAM 

The dual port RAM architecture refers to the basic memo- 
ry cell used in the RAM. The cell itself enables the read 
and write operations to be independent of each other, 
which is necessary to achieve truly asynchronous operation 
of the inputs and outputs. A second benefit is that the time 
required to increment the read and write pointers is much 
less than the time that would be required for data to propa- 
gate through the memory, which would be the case if the 
memory were implemented using the conventional register 
array architecture. 

Resetting the FIFO 

Upon powe r up, the FIFO must be reset with a Master 
Reset (MR) cycle. This causes the FIFO to enter the empty 
condition signified by the Empty flag (EF) being LOW, 
and both the Half-Full (HF) and Full flag (FF) resetting to 
HIGH. Read (R) and Write (W) must be HIGH 
tRPw/twPW before and tRMR after the rising edge of MR 
for a valid reset cycle. 

Writing Data to the FIFO 

The availability of an empty location is indicated by the 
HIGH state of the Full flag (FF). A falling edge of Write 
(W) initiates a write cycle. Data appearing at the inputs 
(D0-D8) tsD before and tHD after the rising edge of W 
will be stored sequentially in the FIFO. 

The Empty flag (EF) LOW to HIGH transition occurs 
tWEF after the first LOW to HIGH transition on the write 
clock of an empty FIFO. The Half-Full flag (HF) will go 
LOW on the falling edge of the write clock following the 
occurrence of half full. HF will remain LOW while less 
than one half of the total memory of this device is available 
for writing. The LOW to HIGH transition of the HF flag 
occurs on the rising edge of Read (R). HFjs available in 
Single Device Mode only. The Full flag (FF) goes low on 
the falling edge of W during the cycle in which the last 
available location in the FIFO is written, prohibiting over- 
flow. FF goes HIGH tRFF after the completion of a valid 
read of a full FIFO. 

Reading Data from the FIFO 

The falling edge of Read (R) initiates a read cycle if the 
Empty flag (EF) is not LOW. Data outputs (Q0-Q8) are in 
a high impedance condition between read operations (R 
HIGH), when the FIFO is empty, or when the FIFO is in 
the Depth Expansion Mode but is not the active device. 


CY7C420, CY7C421, CY7C424 
CY7C425, CY7C428, CY7C429 


The falling edge of R during the last read cycle before the 
emp ty condition triggers a HIGH to LOW transition of 
EF, prohibiting any further read operations until twEF af- 
ter a valid write. 

Retransmit 

The Retransmit feature is beneficial when transferring 
packets of data. It enables the receipt of data to be interro- 
gated by the receiver and retransmitted if necessary. 

The Retransmit (RT) input is active in the Single Device 
Mode only. The Retransmit feature is intended for use 
when 512/1024/2048 (corresponding to de vice d epth) or 
less writes have occurred since the previous MR cycle. A 
LOW pulse on RT resets the internal read pointer to the 
first physicaUocation of the FIFO. The write pointer is 
unaffected. R and W must both be HIGH during a retrans- 
mit cycle. Full, Half Full and Empty flags are governed by 
the relative locations of the Read and Write pointers and 
will be updated by a retransmit operation. 

After a retransmit cycle, previously read data may be reac- 
cessed using R to initiate standard read cycles beginning 
with the first physical location. 

Single Device/Width Expansion Modes 

Single Device and Width Expansion Modes are entered by 
grounding XI. During these modes the HF and RT fea- 
tures are available. FIFOs can be expanded in width to 
provide word widths greater than 9 in increments of 9. 
During Width Expansion Mode all control line inputs are 
common to all devices and flag outputs from any device 
can be monitored. 

Depth Expansion Mode (Figure 3) 

Depth Expansion M ode is entered when, during a MR cy- 
cle, Expansion Out (XO) of one device is c onne cted to 
Expansion In (XI) of the next device, with XO of the last 
device connected to XI of the first device. In the Depth 
Expansion Mode the First Load (FL) input, when ground- 
ed, indicates that this part is the first to be loaded. All 
other devices must have this pin HIGH. To enable the 
correct FIFO, XO is pulsed LOW when the last physical 
location of the previous FIFO is written to and is pulsed 
LOW again when the last physical location is read. Only 
one FIFO is enabled for read and one is enabled for write 
at any given time. All other devices are in standby. 

FIFOs can also be expanded simultaneously in depth and 
width. Consequently, any depth or width FIFO can be cre- 
ated of word widths in increments of 9. When expanding in 
depth, a composite FF must be created by OR-ing the FFs 
together. Likewise, a composite EF is created by OR-ing 
the EFs together. HF and RT functions are not available in 
Depth Expansion Mode. 
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Architecture (Continued) 
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* FIRST DEVICE 

Figure 3. Depth Expansion 


0081-17 


5-37 




CY7C420, CY7C421, CY7C424 
CY7C425, CY7C428, CY7C429 



Typical DC and AC Characteristics 


NORMALIZED SUPPLY CURRENT 



4.0 4.5 5.0 5.5 6.0 

SUPPLY VOLTAGE (V) 


NORMALIZED t A 



4.0 4.5 5.0 5.5 6.0 

SUPPLY VOLTAGE (V) 


NORMALIZED SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 



/.o 

-55 25 125 


AMBIENT TEMPERATURE (°C) 


NORMALIZED t A 

vs. AMBIENT TEMPERATURE 



-55 25 125 


AMBIENT TEMPERATURE (°C) 


OUTPUT SOURCE CURRENT 



0 1.0 2.0 3.0 4.0 


OUTPUT VOLTAGE (V) 


OUTPUT SINK CURRENT 



0 1.0 2.0 3.0 4.0 

OUTPUT VOLTAGE (V) 


TYPICAL t A CHANGE 
vs. OUTPUT LOADING 






/ 




/ 

/ 




/ 




/ 




/ 




/ 

/ 


V CC = 5.0V 
T a = 25°C 


■U ' ■ ' ■ ' 

0 200 400 600 800 1000 


NORMALIZED I C c 



0 5 10 15 20 25 30 35 


CAPACITANCE (pF) 


FREQUENCY (MHz) 
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Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

20 

CY7C420-20PC 

• P15 

Commercial 

CY7C420-20DC 

1 D16 

25 

CY7C420-25PC 

P15 

Commercial 

CY7C420-25DC 

D16 

CY7C420-25PI 

P15 

Industrial 

C Y7 C420-2 5 DMB 

D16 

Military 

30 

CY7C420-30PC 

P15 

Commercial 

CY7C420-30DC 

D16 

CY7C420-30PI 

P15 

Industrial 

CY7C420-30DMB 

D16 

Military 

40 

CY7C420-40PC 

P15 

Commercial 

CY7C420-40DC 

D16 

CY7C420-40PI 

P15 

Industrial 

CY7C420-40DMB 

D16 

Military 

65 

CY7C420-65PC 

P15 

Commercial 

CY7C420-65DC 

D16 

CY7C420-65PI 

P15 

Industrial 

CY7C420-65DMB 

D16 

Military 


Shaded area contains preliminary information. 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

20 

CY7C421-20PC 

P21 

1 

CY7C421-20JC 

J65 

CY7C421-20VC 

V21 

CY7C42I-20DC 

D22 

CY7C421-20LC 

LS5 

25 

CY7C421-25PC 

P21 

Commercial 

CY7C421-25JC 

J65 

CY7C421-25VC 

V21 

CY7C421-25DC 

D22 

CY7C421-25LC 

L55 

CY7C421-25PI 

P21 

Industrial 

CY7C421-25JI 

J65 

CY7C421-25DMB 

D22 

Military 

CY7C421-25LMB 

L55 

CY7C421-25KMB 

K74 

30 

CY7C421-30PC 

P21 

Commercial 

CY7C421-30JC 

J65 

CY7C421-30VC 

V21 

CY7C421-30DC 

D22 

CY7C421-30LC 

L55 

CY7C421-30PI 

P21 

Industrial 

CY7C421-30JI 

J65 

CY7C421-30DMB 

D22 

Military 

CY7C421-30LMB 

L55 

CY7C421-30KMB 

K74 

40 

CY7C421-40PC 

P21 

Commercial 

CY7C421-40JC 

J65 

CY7C421-40VC 

V21 

CY7C421-40DC 

D22 

CY7C421-40LC 

L55 

CY7C421-40PI 

P21 

Industrial 

CY7C421-40JI 

J65 

CY7C42 1 -40DMB 

D22 

Military 

CY7C421-40LMB 

L55 

CY7C421-40KMB 

K74 

65 

CY7C421-65PC 

P21 

Commercial 

CY7C421-65JC 

J65 

CY7C421-65VC 

V21 

CY7C421-65DC 

D22 

CY7C421-65LC 

L55 

CY7C421-65PI 

P21 

Industrial 

CY7C421-65JI 

J65 

CY7C421-65DMB 

D22 

Military 

CY7C421-65LMB 

L55 

CY7C421-65KMB 

K74 
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Ordering Information (Continued) 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

.20 


■Si 

mil 


mm 

25 

CY7C424-25PC 

P15 

Commercial 

CY7C424-25DC 

D16 

CY7C424-25PI 

P15 

Industrial 

CY7C424-25DMB 

D16 

Military 

30 

CY7C424-30PC 

P15 

Commercial 

CY7C424-30DC 

D16 

CY7C424-30PI 

P15 

Industrial 

CY7C424-30DMB 

D16 

Military 

40 

CY7C424-40PC 

P15 

Commercial 

CY7C424-40DC 

D16 

CY7C424-40PI 

P15 

Industrial 

CY7C424-40DMB 

D16 

Military 

65 

CY7C424-65PC 

P15 

Commercial 

CY7C424-65DC 

D16 

CY7C424-65PI 

P15 

Industrial 

CY7C424-65DMB 

D16 

Military 


Shaded area contains preliminary information. 


CY7C420, CY7C421, CY7C424 
CY7C425, CY7C428, CY7C429 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 



iiiiaiai 

■H 


mom 

BBM 

— 

■ 

II1II13I11B 

CY7C425-20VC 

V21 

25 

CY7C425-25PC 

P21 

Commercial 

CY7C425-25JC 

J65 

CY7C425-25DC 

D22 

CY7C425-25LC 

L55 

CY7C425-25VC 

V21 

CY7C425-25PI 

P21 

Industrial 

CY7C425-25JI 

J65 

CY7C425-25DMB 

D22 

Military 

CY7C425-25LMB 

L55 

CY7C425-25KMB 

K74 

30 

CY7C425-30PC 

P21 

Commercial 

CY7C425-30JC 

J65 

CY7C425-30DC 

D22 

CY7C425-30LC 

L55 

CY7C425-30VC 

V21 

CY7C425-30PI 

P21 

Industrial 

CY7C425-30JI 

J65 

CY7C425-30DMB 

D22 

Military 

CY7C425-30LMB 

L55 

CY7C425-30KMB 

K74 

40 

CY7C425-40PC 

P21 

Commercial 

CY7C425-40JC 

J65 

CY7C425-40DC 

D22 

CY7C425-40LC 

L55 

CY7C425-40VC 

V21 

CY7C425-40PI 

P21 

Industrial 

CY7C425-40JI 

J65 

CY7C425-40DMB 

D22 

Military 

CY7C425-40LMB 

L55 

CY7C425-40KMB 

K74 

65 

CY7C425-65PC 

P21 

Commercial 

CY7C425-65JC 

J65 

CY7C425-65DC 

D22 

CY7C425-65LC 

L55 

CY7C425-65VC 

V21 

CY7C425-65PI 

P21 

Industrial 

CY7C425-65JI 

J65 

CY7C425-65DMB 

D22 

Military 

CY7C425-65LMB 

L55 

CY7C425-65KMB 

K74 
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Ordering Information (Continued) 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

20 

CY7C428-2QPC 

P15 

Commercial 

CY7C428-20DC 

D16 

25 

CY7C428-25PC 

P15 

Commercial 

CY7C428-25DC 

D16 

CY7C428-25PI 

P15 

Industrial 

CY7C428-25DMB 

D16 

Military 

30 

CY7C428-30PC 

P15 

Commercial 

CY7C428-30DC 

D16 

CY7C428-30PI 

P15 

Industrial 

CY7C428-30DMB 

D16 

Military 

40 

CY7C428-40PC 

P15 

Commercial 

CY7C428-40DC 

D16 

CY7C428-40PI 

P15 

Industrial 

CY7C428-40DMB 

D16 

Military 

65 

CY7C428-65PC 

P15 

Commercial 

CY7C428-65DC 

D16 

CY7C428-65PI 

P15 

Industrial 

CY7C428-65DMB 

D16 

Military 


Shaded area contains preliminary information. 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

20 

CY7C429-20PC 

i— 



CY 7C429-20JC 

MEMI 



CY7C429-20DC 

iliiiial 



CY7C429-20LC 




CY7C429-20VC 

V21 


25 

CY7C429-25PC 

P21 

Commercial 


CY7C429-25JC 

J65 



CY7C429-25DC 

D22 



CY7C429-25LC 

L55 



CY7C429-25VC 

V21 



CY7C429-25PI 

P21 

Industrial 


CY7C429-25JI 

J65 



CY7C429-25DMB 

D22 

Military 


CY7C429-25LMB 

L55 



CY7C429-25KMB 

K74 


30 

CY7C429-30PC 

P21 

Commercial 


CY7C429-30JC 

J65 



CY7C429-30DC 

D22 



CY7C429-30LC 

L55 



CY7C429-30VC 

V21 



CY7C429-30PI 

P21 

Industrial 


CY7C429-30JI 

J65 



CY7C429-30DMB 

D22 

Military 


CY7C429-30LMB 

L55 



CY7C429-30KMB 

K74 


40 

CY7C429-40PC 

P21 

Commercial 


CY7C429-40JC 

J65 



CY7C429-40DC 

D22 



CY7C429-40LC 

L55 



CY7C429-40VC 

Y21 



CY7C429-40PI 

P21 

Industrial 


CY7C429-40JI 

J65 



CY7C429-40DMB 

D22 

Military 


CY7C429-40LMB 

L55 



CY7C429-40KMB 

K74 


65 

CY7C429-65PC 

P21 

Commercial 


CY7C429-65JC 

J65 



CY7C429-65DC 

D22 



CY7C429-65LC 

L55 



CY7C429-65VC 

V21 



CY7C429-65PI 

P21 

Industrial 


CY7C429-65JI 

J65 



C Y 7 C429-65DMB 

D22 

Military 


CY7C429-65LMB 

L55 



CY7C429-65KMB 

K74 



5-41 












































































































MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 

Subgroups 

VOH 

1,2,3 

VOL 

1,2,3 

VlH 

1,2,3 

VlL Max. 

1,2,3 

Iix 

1,2,3 

Icc 

1,2,3 

ISBl 

1,2,3 

ISB2 

1,2,3 

los 

1,2,3 


CY7C420, CY7C421, CY7C424 
CY7C425, CY7C428, CY7C429 


Switching Characteristics 


Parameters 

Subgroups 

tRC 

9,10,11 

t\ 

9,10,11 

tRR 

9,10,11 

tpR 

9,10,11 

tLZR 

9,10,11 

tDVR 

9,10,11 

tHZR 

9,10,11 

twc 

9,10,11 

tpw 

9,10,11 

tHWZ 

9,10,11 

tWR 

9,10,11 

tSD 

9,10,11 

tHD 

9,10,11 

tMRSC 

9,10,11 

tPMR 

9,10,11 

tRMR 

9,10,11 

tRPW 

9,10,11 

twpw 

9,10,11 

tRTC 

9,10,11 

tpRT 

9,10,11 

tRTR 

9,10,11 

tEFL 

9,10,11 

tHFH 

9,10,11 

tFFH 

9,10,11 


Document # : 38-00079-F 


Parameters 

Subgroups 

tREF 

9,10,11 

tRFF 

9,10,11 

tWEF 

9,10,11 

tWFF 

9,10,11 

tWHF 

9,10,11 

tRHF 

9,10,11 

tRAE 

9,10,11 

tRPE 

9,10,11 

tWAF 

9,10,11 

tWPF 

9,10,11 

tXOL 

9,10,11 

txOH 

9,10,11 
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CY7C432 

PRELIMINARY CY7C433 


; Jr CYPRESS 

SEMICONDUCTOR Cascadeable 4096 x 9 FIFO 


Features 

• 4096 x 9 FIFO buffer memory 

• Dual port RAM cell 

• Asynchronous read/write 

• High speed 28.5 MHz 
read/write independent of 
depth/width 

• 25 ns access time 

• Low operating power 

Ice (max.) = 142 mA commercial 
Ice (max.) = 160 mA military 

• Half full flag in standalone 

• Empty and full flags 

• Retransmit in standalone 

• Expandable in width and depth 

• Parallel Cascade minimizes 
bubblethrough 

• 5V ±10% supply 

• 300 mil DIP packaging 

• 300 mil SOJ packaging 

• TTL compatible 

• Three-state outputs 

• Pin compatible and functional 
equivalent to IDT7204 


Functional Description 

The CY7C432 and CY7C433 are 4096 
words by 9-bit wide first-in first-out 
(FIFO) memories offered in 600 mil 
wide and 300 mil wide packages, re- 
spectively. Each FIFO memory is orga- 
nized such that the data is read in the 
same sequential order that it was writ- 
ten. Full and empty flags are provided 
to prevent over-run and under-run. 
Three additional pins are also provided 
to facilitate unlimited expansion in 
width, depth, or both. The depth ex- 
pansion technique steers the control 
signals from one device to another in 
parallel, thus eliminating the serial ad- 
dition of propagation delays so that 
throughput is not reduced. Data is 
steered in a similar manner. 

The read and write operations may be 
asynchronous; each can occur at a rate 
of 28.5 MHz. The write operation oc- 
curs when the Write (W) signal is^ 
LOW. Read occurs when Read (R) 
goes LOW. The 9 data outputs go to 


the high impedance state when R is 
HIGH. 

A Half-Full (HF) output flag is provid- 
ed that is valid in the standalone and 
width expansion configurations. In the 
depth expansion configurati on t his pin 
provides the expansion out (XO) infor- 
mation which is used to tell the next 
FIFO that it will be activated. 

In the standalone and width expansion 
configurations a LOW on the Retrans- 
mit (RT) input causes the FIFO’s to 
retransmit the data. Read Enable (R) 
and Write Enable (W) must both be 
HIGH during a retransmit cycle, and 
then R is used to access the data. 

The CY7C432 and CY7C433 are fabri- 
cated using an advanced 0.8 micron 
N-well CMOS technology. Input ESD 
protection is greater than 2000V and 
latchup is prevented by careful layout, 
guard rings and a substrate bias genera- 
tor. 
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CY7C432 

PRELIMINARY CY7C433 



Selection Guide 



7C432-25 

7C433-25 

7C432-30 

7C433-30 

7C432-40 

7C433-40 

7C432-65 

7C433-65 

Frequency (MHz) 

28.5 

25 

20 

12.5 

Access Time (ns) 

25 

30 

40 

65 

Maximum Operating 
Current (mA) 

Commercial 

142 

135 

125 

110 

Military 


160 

145 

130 


Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature — 65° C to + 150°C 

Ambient Temperature with 


Static Discharge Voltage > 2001V 


Power Applied — 55°C to + 125°C 

Supply Voltage to Ground Potential .... —0.5V to + 7.0V 
DC Voltage Applied to Outputs 

in High Z State —0.5V to + 7.0V 

DC Input Voltage — 3.0V to + 7.0V 

Power Dissipation 1.0W 

Output Current, into Outputs (Low) 20 mA 


(per MIL-STD-883 Method 3015) 

Latch-up Current > 200 mA 

Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70°C 

5V ± 10% 

Industrial 

-40°C to + 85°C 

5V ± 10% 

Military I 3 ! 

— 55°C to +125°C 

5V ± 10% 


Electrical Characteristics Over Operating Range M 


Parameters 

Description 

Test Conditions 

7C432-25 

7C433-25 

7C432-30 

7C433-30 

7C432-40 

7C433-40 

7C432-65 

7C433-65 

Units 


E!S! 





ESI 


VoH 

Output HIGH Voltage 

Vcc = Min., Ioh = — 2 mA 

BIB 


El 


El 


El 


mm 

V 0 L 

Output LOW Voltage 

Vcc Min., Iql = 8.0 mA 


bsei 


mrm 


Bim 


EE 

mm 

Vih I?1 

Input HIGH Voltage 


Commercial 

mm 







EE 

El 

Military /Ind 



mm 


in 

EB1 

KH 

pga 

mm 

ViL 




BiH 



BH 

wmm 


m 

mm 

Iix 

Input Leakage Current 

GND ^ Vi ^ V CC 




BfEI 



ma 


i*g 

loz 

Output Leakage Current 

R S Vih, GND <■ Vq <; V C c 

BH 


BE] 

HB1 

BE] 

BBB1 

gin 

mm 


Icc 

Operating Current 

Vcc = Max., 

IoUT = 0 m A 

Commercial! 5 ! 


BEwi 


BEE1 






Military M /Ind 






BPS! 




ISBi 

Standby Current 

All Inputs = Vih Min. 

Commercial 


El 


El 


El 


mm 

B2S 

Military/Ind 




KM 


KTiB 


BE 


!SB2 

Power Down Current 

All Inputs 

V CC -0.2V 

Commercial 






E 




Military/Ind 




El 


ei 


mm 


Ios 

Output Short Circuit 
Current W 

Vcc — Max., Vqut — GND 


-90 


-90 


-90 


-90 

mA 


Capacitance 


Parameters 

Description 

Test Conditions 

Max. 

Units 

ClN 

Input Capacitance 

T a = 25°C, f = 1 MHz 

5 

pF 

CqUT 

Output Capacitance 

V CC = 4.5V 

7 


Notes: 

1 . For test purposes, not more than one output at a time should be 
shorted. Short circuit test duration should not exceed 30 seconds. 

2. Tested initially and after any design or process changes that may 
affect these parameters. 

3. Ta is the “instant on” case temperature. 

4. See the last page of this specification for Group A subgroup testing 
information. 


5. Ice (commercial) = 110 mA + [(f — 12.5) * 2mA/MHz] for 

f ^ 12.5 MHz 

where f = the larger of the write or read 
operating frequency. 

6. Ice (military) = 130 mA + [(f — 12.5) * 2 mA/MHz] for 

fS 12.5 MHz 

where f = the larger of the write or read 
operating frequency. 

7. XI must use CMOS levels with Vjh S 3.5V. 


5-44 
























































































CY7C432 

PRELIMINARY CY7C433 



CYPRESS 

SEMICONDUCTOR ~ 

AC Test Load and Waveform 

R1 500fi 



Figure la 

Equivalent to: THfiVENIN EQUIVALENT 

200.fi. 


SCOPE 
Figure lb 


-90% 

y 10% 

•* — <5 ns 


Figure 2. All Input Pulses 


7C432-25 

7C433-25 


Switching Characteristics Over the Operating Ranged 4] 


Description 


tRC Read Cycle Time 


tA Access Time 


tRR Read Recovery Time 


tpR Read Pulse Width 


tLZR [3] Read LOW to Low Z 


tovR^’ 3 ^ Read HIGH to Data Valid 


t H ZR [2 ’ 31 Read HIGH to High Z 


twc Write Cycle Time 


tpw Write Pulse Width 


tHWZ [31 Write HIGH to Low Z 


tWR Write Recovery Time 


tsD Data Set-Up Time 


tHD Data Hold Time 


tMRSC MR Cycle Time 


tpMR MR Pulse Width 


tRMR MR Recovery Time 


tRPW Read HIGH to MR HIGH 


twpw Write HIGH to MR HIGH 


tRTC Retransmit Cycle Time 


tpRx Retransmit Pulse Width 


tRTR Retransmit Recovery Time 


tEFL MR to EF LOW 


t H FH MR to HF HIGH 


t F FH MR to FF HIGH 


tREF Read LOW to EF LOW 


tRFF Read HIGH to FF HIGH 


tWEF Write HIGH to EF HIGH 


tWFF I Write LOW to FF LOW 


7C432-30 

7C433-30 


7C432-40 

7C433-40 


7C432-65 

7C433-65 
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CY7C432 

PRELIMINARY CY7C433 



Switching Characteristics Over the Operating Rangel!. 4 1 (Continued) 


Parameter 

Description 

7C432-25 

7C433-2S 

7C432-30 

7C433-30 

7C432-40 

7C433-40 

7C432-65 

7C433-65 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

tWHF 

Write LOW to HF LOW 


35 


40 


50 


80 

ns 

tRHF 

Read HIGH to HF HIGH 


35 


40 


50 


80 

ns 

tRAE 

Effective Read from 

Write HIGH 


25 


30 


35 


60 

ns 

tRPE 

Effective Read Pulse 

Width after EF HIGH 

25 


30 


40 


65 


ns 

tWAF 

Effective Write from 

Read HIGH 


25 


30 


35 


60 

ns 

tWPF 

Effective Write Pulse 

Width after FF HIGH 

25 


30 


40 


65 


ns 

tXOL 

Expansion Out LOW 

Delay from Clock 


25 


30 


40 


65 

ns 

tXOH 

Expansion Out HIGH 

Delay from Clock 


25 


30 


40 


65 

ns 


Notes: 


1. Test conditions assume signal transition time of 5 ns or less, timing 
reference levels of 1 .5 V and output loading of the specified lot/fOH 
and 30 pF load capacitance, as in Figure la, unless otherwise speci- 
fied. 

2. tHZR and tovR use capacitance loading as in Figure lb. 


3. tHZR transition is measured at + 500 mV from Vol and — 500 mV 
from Voh- tovR transition is measured at the 1.5V level, tnwz and 
tLZR transition is measured at ± 100 mV from the steady state. 

4. See the last page of this specification for Group A subgroup testing 
information. 


Switching Waveforms 

Asynchronous Read and Write Timing Diagram 



Master Reset Timing Diagram 


Notes: 

!• tMRSC = tpMR + tRMR. 




....iimnniniiiniiiiim//!/}} 
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0169-8 


2. W a nd R ^ Vjh for at least twpw or tRPR before the rising edge of 
MR. 
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CYPRESS 

SEMICONDUCTOR 


CY7C432 

PRELIMINARY CY7C433 


Switching Waveforms (Continued) 
Half-Full Flag Timing Diagram 




Retransmit Timing Diagram 



Notes: 

1- tRTC = tRT + tRTR- 


2. EF, HF and FF may change state during retransmit as a result of the 
offset of the read and write pointers, but flags will be valid at tRxc- 
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CY7C432 

PRELIMINARY CY7C433 


Switching Waveforms (Continued) 




Expansion Timing Diagrams 


WRITE TO LAST PHYSICAL WRITE TO FIRST PHYSICAL 

LOCATION OF DEVICE 1 LOCATION OF DEVICE 2 



READ FROM LAST PHYSICAL READ FROM FIRST PHYSICAL 

LOCATION OF DEVICE 1 LOCATION OF DEVICE 2 



‘Expansion Out of Device 1 (XOi) is connected to Expansion In of Device 2 (XI 2 ). 


0169-16 
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CYPRESS 

SEMICONDUCTOR 


CY7C432 

PRELIMINARY CY7C433 


Architecture 

The CY7C432/33 FIFOs consist of an array of 4096 words 
of 9-bits each (implemented by an array of dual port RAM 
cells), a rea d pointer, a w rite pointer, control signals (W, 

R, XI, XO, FL, RT, MR) and Full, Half Full, and Empty 
flags. 

Dual Port RAM 

The dual port RAM architecture refers to the basic memo- 
ry cell used in the RAM. The cell itself enables the read 
and write operations to be independent of each other, 
which is necessary to achieve truly asynchronous operation 
of the inputs and outputs. A second benefit is that the time 
required to increment the read and write pointers is much 
less than the time that would be required for data to propa- 
gate through the memory, which would be the case if the 
memory were implemented using the conventional register 
array architecture. 

Resetting the FIFO 

Upon powe r up, the FIFO must be reset with a Master 
Reset (MR) cycle. This causes the FIFO to enter the empty 
condition signified by the Empty flag (EF) being LOW, 
and both the Half-Full (HF) and Full flag (FF) resetting to 
HIGH. Read (R) and Write (W) must be HIGH 
tRPw/twpW before and tRMR after the rising edge of MR 
for a valid reset cycle. 

Writing Data to the FIFO 

The availability of an empty location is indicated by the 
HIGH state of the Full flag (FF). A falling edge of Write 
(W) initiates a write cycle. Data appearing at the inputs 
(D0-D8) tsD before and tnD after the rising edge of W 
will be stored sequentially in the FIFO. 

The Empty flag (EF) LOW to HIGH transition occurs 
tWEF after the first LOW to HIGH transition on the write 
clock of an empty FIFO. The Half-Full flag (HF) will go 
LOW on the falling ed ge of the write clock following the 
occurrence of half full. HF will remain LOW while less 
than one half of the total memory of this device is available 
for writing. The LOW to HIGH trans ition of the HF flag 
occurs on the rising edge of Read (R). HFVis available in 
Single Device Mode only. The Full flag (FF) goes low on 
the falling edge of W during the cycle in which the last 
available location in the FIFO is written, prohibiting over- 
flow. FF goes HIGH tRFF after the completion of a valid 
read of a full FIFO. 

Reading Data from the FIFO 

The falling e dge of Read (R) initiates a read cycle if the 
Empty flag (EF) is not LOW. Data outputs (Q0-Q8) are in 
a high impedance condition between read operations (R 
HIGH), when the FIFO is empty, or when the FIFO is in 
the Depth Expansion Mode but is not the active device. 


The falling edge of R during the last read cycle before the 
empty condition triggers a HIGH to LOW transition of 
EF, prohibiting any further read operations until twEF af- 
ter a valid write. 

Retransmit 

The Retransmit feature is beneficial when transferring 
packets of data. It enables the receipt of data to be interro- 
gated by the receiver and retransmitted if necessary. 

The Retransmit (RT) input is active in the Single Device 
Mode only. The Retransmit feature is intended for use 
whe n 4096 or less writes have occurred since the previous 
MR cycle. A LOW pulse on RT resets the internal read 
pointer to the first physical location of the FIFO. The write 
pointer is unaffected. R and W must both be HIGH during 
a retransmit cycle. Full, Half Full and Empty flags are 
governed by the relative locations of the Read and Write 
pointers and will be updated by a retransmit operation. 

After a retransmit cycle, previously read data may be reac- 
cessed using R to initiate standard read cycles beginning 
with the first physical location. 

Single Device/Width Expansion Modes 

Single Device and Width Expansion Mod es are entered by 
connecting XI to ground prior to an MR cycle. During 
these modes the HF and RT features are available. FIFOs 
can be expanded in width to provide word widths greater 
than 9 in increments of 9. During Width Expansion Mode 
all control line inputs are common to all devices and flag 
outputs from any device can be monitored. 

Depth Expansion Mode (Figure 3) 

Depth Expansion M ode is entered when, during a MR cy- 
cle, Expansion Out (XO) of one device is c onne cted to 
Expansion In (XI) of the next device, with XO of the last 
device connected to XI of the first device. In the Depth 
Expansion Mode the First Load (FL) input, when ground- 
ed, indicates that this part is the first to be loaded. All 
other devices must have this pin HIGH. To enable the 
correct FIFO, XO is pulsed LOW when the last physical 
location of the previous FIFO is written to and is pulsed 
LOW again when the last physical location is read. Only 
one FIFO is enabled for read and one is enabled for write 
at any given time. All other devices are in standby. 

FIFOs can also be expanded simultaneously in depth and 
width. Consequently, any depth or width FIFO can be cre- 
ated of word widthsin increments of 9. When expanding in 
depth, a composite FF must be created by OR-ing the FFs 
together. Likewis e, a composite EF is created by OR-ing 
the EFs together. HF and RT functions are not available in 
Depth Expansion Mode. 
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SEMICONDUCTOR 
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PRELIMINARY CY7C433 


Architecture (Continued) 



* FIRST DEVICE 


Figure 3. Depth Expansion 
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Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

25 

CY7C432-25PC 

P15 

Commercial 

CY7C432-25DC 

D16 

CY7C432-25PI 

P15 

Industrial 

30 

CY7C432-30PC 

P15 

Commercial 

CY7C432-30DC 

D16 

CY7C432-30PI 

P15 

Industrial 

CY7C432-30DMB 

D16 

Military 

40 

CY7C432-40PC 

P15 

Commercial 

CY7C432-40DC 

D16 

CY7C432-40PI 

P15 

Industrial 

CY7C432-40DMB 

D16 

Military 

65 

CY7C432-65PC 

P15 

Commercial 

CY7C432-65DC 

D16 

CY7C432-65PI 

P15 

Industrial 

CY7C432-65DMB 

D16 

Military 


CY7C432 

PRELIMINARY CY7C433 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

25 

CY7C433-25PC 

P21 

Commercial 


CY7C433-25VC 

V21 



CY7C433-25DC 

D22 



CY7C433-25LC 

L55 



CY7C433-25JC 

J65 



CY7C433-25PI 

P21 

Industrial 


CY7C433-25JI 

J65 



CY7C433-30PC 

P21 

Commercial 


CY7C433-30VC 

V21 



CY7C433-30DC 

D22 



CY7C433-30LC 

L55 



CY7C433-30JC 

J65 



CY7C433-30PI 

P21 

Industrial 


CY7C433-30JI 

J65 



CY7C433-30DMB 

D22 

Military 


CY7C433-30LMB 

L55 



CY7C433-30KMB 

K74 


40 

CY7C433-40PC 

P21 

Commercial 


CY7C433-40VC 

V21 



CY7C433-40DC 

D22 



CY7C433-40LC 

L55 



CY7C433-40JC 

J65 



CY7C433-40PI 

P21 

Industrial 


CY7C433-40JI 

J65 



CY7C433-40DMB 

D22 

Military 


CY7C433-40LMB 

L55 



CY7C433-40KMB 

K74 


65 

CY7C433-65PC 

P21 

Commercial 


CY7C433-65VC 

Y21 



CY7C433-65DC 

D22 



CY7C433-65LC 

L55 



CY7C433-65JC 

J65 



CY7C433-65PI 

P21 

Industrial 


CY7C433-65JI 

J65 



CY7C433-65DMB 

D22 

Military 


CY7C433-65LMB 

L55 



CY7C433-65KMB 

K74 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 


Parameters 

Subgroups 

VoH 

1,2,3 

VOL 

1,2,3 

VlH 

1,2,3 

Vil Max. 

1,2,3 

Iix 

1,2,3 

Icc 

1,2,3 

ISBl 

1,2,3 

ISB2 

1,2,3 

los 

1,2,3 


PRELIMINARY 


Switching Characteristics 


Parameters 

Subgroups 

tRC 

9,10,11 

tA 

9,10,11 

tRR 

9,10,11 

tPR 

9,10,11 

tLZR 

9,10,11 

tDVR 

9,10,11 

tHZR 

9,10,11 

twc 

9,10,11 

tpw 

9,10,11 

tHWZ 

9,10,11 

tWR 

9,10,11 

tSD 

9,10,11 

tHD 

9,10,11 

tMRSC 

9,10,11 

tPMR 

9,10,11 

tRMR 

9,10,11 

tRPW 

9,10,11 

twpw 

9,10,11 

tRTC 

9,10,11 

tpRT 

9,10,11 

tRTR 

9,10,11 

tEFL 

9,10,11 

tHFH 

9,10,11 

tFFH 

9,10,11 


Document #: 38-00109 


Parameters 

Subgroups 

tREF 

9,10,11 

tRFF 

9,10,11 

tWEF 

9,10,11 

tWFF 

9,10,11 

tWHF 

9,10,11 

tRHF 

9,10,11 

tRAE 

9,10,11 

tRPE 

9,10,11 

tWAF 

9,10,11 

tWPF 

9,10,11 

txOL 

9,10,11 

tXQH 

9,10,11 


CY7C432 

CY7C433 
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PRELIMINARY CY7C439 
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SEMICONDUCTOR 


Bidirectional 2048 x 9 FIFO 


Features 

• 2048 x 9 FIFO buffer memory 

• Bidirectional operation 

• High-speed 25-MHz 
asynchronous reads and writes 

• Simple control interface 

• Registered and transparent 
bypass modes 

• Flags indicate empty, full and 
half full conditions 

• 5V ±10% supply 

• Available in 300-mil DIP, 
PLCC, LCC, and SOJ packages 

• TTL compatible 


Functional Description 

The CY7C439 is a 2048 x 9 FIFO 
memory capable of bidirectional opera- 
tion. As the term first-in first-out 
(FIFO) implies, data becomes available 
to the output port in the same order 
that it was presented to the input port. 
There are two pins that indicate the 
amount of dat a con tained within the 
FIFO block — E/F (empty /full) and 
HF (half full). These pins can be de- 
coded to determine one of four states. 
Two 9-bit data ports are provided. The 
direction selected for the FIFO deter- 
mines the input and output ports. The 
FIFO direction can be programmed by 
the user at an y tim e through the use of 
the reset pin (MR) and the bypass/di- 
rection pin (BYPA). There are no con- 
trol or status registers on the 
CY7C439, making the part simple to 
use while meeting the needs of the ma- 
jority of bidirectional FIFO applica- 
tions. 


FIFO read and write operations may 
occur simultaneously, and each can 
occur at up to 25 MHz. The port desig- 
nated as the write port drives its strobe 
pin (STBX, X = A or B) LOW to 
initiate the write operation. The port 
designated as the read port drives its 
strobe pin LOW to initiate the read 
operation. Output port pins go to a 
high-impedance state when the associ- 
ated strobe pin is HIGH. All normal 
FIFO opera tions re quire the bypass 
control pin (BYPX, X = A or B) to 
remain HIGH. 

In addition to the FIFO, two other 
data paths are provided on the 
CY7C439; registered bypass and trans- 
parent bypass. Registered bypass can 
be considered as a single-word FIFO in 
the reverse direction to the main FIFO. 
The bypass register provides a means of 
sending a 9-bit status or control word 
to the FIFO-write port. The bypass 


Logic Block Diagram 


STBA 

BYPA 



• STBB 
■ BYPB 




Pin Configurations 

PLCC/LCC 
Top View 



DIP 

Top View 






a 4 C 

1 


28 

AjC 

2 


27 

A Z C 

3 


26 

A ,C 

4 


25 

AqC 

5 


24 

BYPA C 

6 


23 

GNDC 

7 

7C439 

22 

BYPB □ 

8 


21 

BDAC 

9 


20 

Bq C 

10 


19 

B,C 

11 


18 

B 2 C 

12 


17 


13 


16 

b 4 c 

14 


15 


3E7f_ 

3 STBA 

□ v cc 

□ MR 

□ STBB 
3 HF 

□ b 8 

□ b 7 

□ Be 


Selection Guide 



7C439-30 

70439-40 

7C439-65 

Frequency (MHz) 

25 

20 

12.5 

Access Time (ns) 

30 

40 

65 

Maximum Operating 
Current (mA) 

Commercial 

145 

130 

115 

Military 

— 

165 

145 
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Functional Description (Continued) 

data available pin (BDA) indicates whether the bypass reg- 
ister is full or empty. The direction of the bypass register is 
always opposite to that of the main FIFO. 

The port designated to write t o the bypass register drives 
its bypass control pin (BYPX) LOW. T he othe r port de- 
tects the presence of data by monitoring B DA, an d reads 
the data by driving its bypass control pin (BYPX) LOW. 
Registered bypas s opera tions require that the associated 
FIFO strobe pin (STBX) remains HIGH. Registered by- 
pass operations do not affect data residing in the FIFO, or 
FIFO operations at the other port. 

Transparent bypass provides a means of transferring a sin- 
gle word (9 bits) of data immediately in either direction. 
This feature allows the device to act as a simple 9-bit 


bidirectional buffer. This is useful for allowing the control- 
ling circuitry to access a dumb peripheral for control/pro- 
gramming information. 

For transparent bypass, the port wishing to send immedi- 
ate data to the other side side drives both its bypass and its 
strobe pins LOW simultaneously. This causes the buffered 
data to be driven out of the other port. On-chip circuitry 
detects conflicting use of the control pins and causes both 
data ports to enter a high-impedance state until the conflict 
is resolved. 

The CY7C439 is fabricated using an advanced 0.8ju. N-well 
CMOS technology. Input ESD protection is greater than 
2000V, and latch-up is prevented by reliable layout tech- 
niques, guard rings, and a substrate bias generator. 


Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature — 65° C to + 150°C 

Ambient Temperature with 


Static Discharge Voltage >200 IV 


Power Applied — 55°C to + 125°C 

Supply Voltage to Ground Potential .... —0.5V to + 7.0V 
DC Voltage Applied to Outputs 

in High Z State - 0.5V to + 7.0V 

DC Input Voltage — 3.0V to + 7.0V 

Power Dissipation 1.0W 

Output Current, into Outputs (Low) 20 mA 


(per MIL-STD-883 Method 3015) 

Latch-Up Current > 200 mA 

Operating Range 


Range 

Ambient 

Temperature 

v C c 

Commercial 

0°C to + 70° C 

5V ± 10% 

Military HI 

— 55°C to + 125°C 

5V ± 10% 


Pin Definitions 


Signal 

Name 

I/O 

Description 

A(8-0) 

I/O 

Data Port Associated with BYPA and STBA 

B(8-0) 

I/O 

Data Port Associated with BYPB and STBB 

BYPA 

I 

Registered Bypass Mode Select for A Side 

BYPB 

I 

Registered Bypass Mode Select for B Side 

BDA 

o 

Bypass Data Available Flag 

STBA 

I 

Data Strobe for A Side 

STBB 

I 

Data Strobe for B Side 

17F 

0 

Encoded Empty/Full Flag 

HF 

o 

Half Full Flag 

MR 

I 

Master Reset 
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Electrical Characteristics Over Operating Ranged 


Test Conditions 


V C c — Min., Iqh = — 2 mA 


Vcc = Min., Iql = 8.0 mA 


Commercial 


PRELIMINARY CY7C439 


Parameters 

Description 

VOH 

Output HIGH Voltage 

VOL 

Output LOW Voltage 

VlH 

Input HIGH Voltage 

VlL 

Input LOW Voltage 

Iix 

Input Leakage Current 

loz 

Output Leakage Current 

Icc 

Operating Current 

ISBi 

Standby Current 

Isb 2 

Power Down Current 

los 

Output Short Circuit 
Current! 3 ] 



GND ^ Vi ^ Vcc 


Vcc = Max., 
IoUT = 0 mA 


All Inputs = Vjh Min. 


All Inputs 
Vcc -0.2V 


Commercial 


Military! 6 ] 


Commercial 


Military 


Commercial 


Military 


Vcc — Max., Vqut = GND 


19-30 

| 7C439-40 

| 7C439-65 

Units 

Max. 

Min. 

Max, 

Min. I 

Max. 





Q 


KM 

0.4 


0.4 


0.4 


Vcc 

2.2 

Vcc 

2.2 

Vcc 

■ 

Vcc 

2.2 

Vcc 

2.2 

Vcc 


0.8 

-3.0 

0.8 

-3.0 

0.8 

D 

+ 10 

-10 

+ 10 

-10 

+ 10 

p.A 

+ 10 

-10 

+ 10 

-10 

+ 10 

fiA 

145 


130 


115 

mA 



165 


145 

mA 

40 


40 


40 

mA 

45 


45 



mA 

20 


20 


20 

mA 



25 


25 

mA 

-90 


-90 


-90 

mA 


Capacitance M 


Parameters 

Description 

Test Conditions 

Qn 

Input Capacitance 

T a = 25°C, f = 1 MHz 

CqUT 

Output Capacitance 

V CC = 4.5V 



Notes: 

1. Ta is the “instant on” case temperature. 

2. See the last page of this specification for Group A subgroup testing 
information. 

3. For test purposes, not more than one output at a time should be 
shorted. Short circuit test duration should not exceed 30 seconds. 

4. Tested initially and after any design or process changes that may 
affect these parameters. 


AC Test Load and Waveform 

R1 500.fi, 


5. Ice (commercial) = 100 mA + [(f — 12.5) * 2mA/MHz] for 

12.5 MHz 

where f = the larger of the write or read 
operating frequency. 

6. Ice (military) =115 mA + [(f — 12.5) * 2 mA/MHz] for 

12.5 MHz 

where f = the larger of the write or read 
operating frequency. 


- 90 % 

V- 10% 

* — <5 ns 

0178-6 


| INCLUDING | 
■=T JIG AND 

SCOPE ” 

Figure la 


| INCLUDING | 
JIG AND 
SCOPE 

Figure lb 


Figure 2. All Input Pulses 


Equivalent to: THEVENIN EQUIVALENT 

200.fi. 
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Switching Characteristics Over the Operating Ranged. 10] 


Parameter 

Description 

7C439-30 

7C439-40 

7C439-65 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

tRC 

Read Cycle Time 

40 


50 


80 


ns 

tA 

Access Time 


30 


40 


65 

ns 

tRR 

Read Recovery Time 

10 


10 


15 


ns 

tPR 

Read Pulse Width 

30 


40 


65 


ns 

tLZR^ 8 ’ 

Read LOW to Low Z 

3 


3 


3 


ns 

tDVR 18 ’ 9] 

Read HIGH to Data Valid 

3 


3 


3 


ns 

tHZR [8 ’ 9] 

Read HIGH to High Z 


20 


25 


30 

ns 

twc 

Write Cycle Time 

40 


50 


80 


ns 

tpw 

Write Pulse Width 

30 


40 


65 


ns 

tHWZ t8 ’ 91 

Write HIGH to Low Z 

10 


10 


10 


ns 

tWR 

Write Recovery Time 

10 


10 


15 


ns 

tSD 

Data Set-Up Time 

18 


20 


30 


ns 

tHD 

Data Hold Time 

0 


0 


10 


ns 

tMRSC 

MR Cycle Time 

40 


50 


80 


ns 

tPMR 

MR Pulse Width 

30 


40 


65 


ns 

tRMR 

MR Recovery Time 

10 


10 


15 


ns 

tRPS 

STBX HIGH to MR HIGH 

30 


40 


65 


ns 

tRPBS 

BYPA to MR HIGH 

10 


15 


20 


ns 

tRPBH 

BYPA Hold after MR HIGH 

0 


0 


0 


ns 

tBDH 

MR LOW to BDA HIGH 


40 


50 


80 

ns 

tBSR 

STBX HIGH to BYPX LOW 

10 


10 


15 


ns 

tEFL 

MR to E7F LOW 


40 


50 


80 

ns 

tHFH 

MR to HF HIGH 


40 


50 


80 

ns 

tBRS 

BYPX HIGH to STBX LOW 

10 


10 


15 


ns 

tREF 

STBX LOW to E/F LOW (Read) 


30 


35 


60 

ns 

tRFF 

STBX HIGH to E/F HIGH (Read) 


30 


35 


60 

ns 

tWEF 

STBX HIGH to E/F HIGH (Write) 


30 


35 


60 

ns 

tWFF 

STBX LOW to E/F LOW (Write) 


30 


35 


60 

ns 
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SEMICONDUCTOR 


PRELIMINARY CY7C439 


Switching Characteristics Over the Operating Ranged, 10] (Continued) 


Parameter 

Description 

7C439-30 

7C439-40 

7C439-65 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

tBDA 

BYPX HIGH to BDA LOW (Write) 


30 


35 


60 

ns 

tBDB 

BYPX HIGH to BDA HIGH (Read) 


30 


35 


60 

ns 

tBA 

BYPX LOW to Data Valid (Read) 


30 


40 


60 

ns 

tBHZ^ 8, 

BYPX HIGH to High Z (Read) 


20 


25 


30 

ns 

tTSB 

STBX HIGH to BYPX LOW Set-Up 

10 


10 


15 


ns 

tTBS 

STBX LOW after BYPX LOW 

0 

5 

0 

10 

0 

15 

ns 

tTSN 

STBX HIGH Recovery Time 

10 


10 


15 


ns 

tTSD^ 8, 

STBX HIGH to Data High Z 


20 


25 


30 

ns 

tTBN 

BYPX HIGH Recovery Time 

10 


10 


15 


ns 

tTBD^ 8, 9 ^ 

BYPX HIGH to Data High Z 


20 


25 


30 

ns 

tTPD 

STBX LOW to Data Valid 


25 


35 


50 

ns 

tDL 

Transparent Propagation Delay 


20 


25 


30 

ns 

tESD^ 8 ’ 9 ^ 

STBX LOW to High Z 


20 


25 


30 

ns 

tEBD^ 8 ’ 9 ^ 

BYPX LOW to High Z 


20 


25 


30 

ns 

tEDS 

STBX HIGH to Low Z 


20 


25 


30 

ns 

tEDB 

BYPX HIGH to Low Z 


20 


25 


30 

ns 

tBPW 

BYPX Pulse Width (Trans.) 

30 


40 


65 


ns 

tTSP 

STBX Pulse Width (Trans.) 

25 


30 


50 


ns 

tBLZ^ 8, 9 ^ 

BYPX LOW to Low Z (Read) 

5 


10 


15 


ns 

tBDvf 8, 9 ^ 

BYPX HIGH to Data Invalid (Read) 

3 


3 


3 


ns 

tWHF 

STBX LOW to HF LOW (Write) 


40 


50 


80 

ns 

tRHF 

STBX HIGH to HF HIGH (Read) 


40 


50 


80 

ns 

tRAE 

Effective Read from Write HIGH 


30 


35 


60 

ns 

tRPE 

Effective Read Pulse 

Width after EF HIGH 

30 


40 


65 


ns 

tWAF 

Effective Write from Read HIGH 


30 


35 


60 

ns 

tWPF 

Effective Write Pulse 

Width after FF HIGH 

30 


40 


65 


ns 

tBSU 

Bypass Data Set-Up Time 

18 


20 


30 


ns 

tBHL 

Bypass Data Hold Time 

0 


0 


10 


ns 


Notes: 

7. Test conditions assume signal transition time of 5 ns or less, timing 
reference levels of 1.5V and output loading of the specified Iol/Ioh 
and 30 pF load capacitance, as in Figure la, unless otherwise speci- 
fied. 

8- tDVR, tBDV, tHZR. t't BD. tflHZ. tEBD. tESD. tTSD. tLZR. tHWZ. and 
tfiLZ use capacitance loading as in Figure lb. 


9. tnzR. tTBD. tBHZ. tEBD. tESD. and txsD transition is measured at 
+ 500 mV from Vol and — 500 mV from Voh- tDVR and tBDV 
transition is measured at the 1.5V level. tLZR. Ihwz and tBLZ tran- 
sition is measured at ±100 mV from the steady state. 

10. See the last page of this specification for Group A subgroup testing 
information. 

1 1 . Direction selected Port A to Port B. 


5-57 





















































































































































































CYPRESS 

SEMICONDUCTOR 


PRELIMINARY CY7C439 


Switching Waveforms 

Asynchronous Read and Write Timing Diagram 




Last WRITE to First READ Empty/Full Flag Timing Diagram M 


ADDITIONAL 



LAST WRITE 

FIRST READ 

READS 

FIRST WRITE 


STBB 



l 

A r 



STBA 

Hu 

— )*WFF 

j 


*RFF 






n 

\ 


A 

t 
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Note: 

12. Direction selected as A to B. 
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Switching Waveforms (Continued) 

Last READ to First WRITE Empty/Full Flag Timing Diagram [12] 



0178-12 




Note: 

12. Direction selected as A to B. 


0178-14 
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Switching Waveforms (Continued) 
Registered Bypass Read Timing Diagram ! 13 1 


PRELIMINARY CY7C439 



0178-15 


Registered Bypass Write Timing Diagram! 14 ! 



Transparent Bypass Timing Diagram! 15 ! 



Notes: 

13. PORT B selected to read bypass register (FIFO direction PORT B to 15. Diagram shows transparent bypass initiated by PORT A. Times are 

PORT A). identical if initiated by PORT B. 

14. PORT A selected to write bypass register (FIFO direction PORT B 
to PORT A). 
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Switching Waveforms (Continued) 
Exception Condition Timing Diagram^ 5 ! 


STBA 

BYPB 

STBB 

BYPB 

DATA B 


/ 

/ 


1 



VALID OUTPUT 



VALID OUTPUT 


Note: 

15. Diagram shows transparent bypass initiated by PORT A. Times are identical if initiated by PORT B. 


0178-18 


Architecture 

The CY7C439 consists of a 2048 x 9-bit dual-ported RAM 
array, a read pointer, a write pointer, data switc hing cir - 
cuitry, buffers, a bypass register, control signals (STBA, 
STBB, BYPA, BYPB, MR), and flags (E/F, HF, BDA). 

Operation at Power-On 

Automatic power-on reset is provided; the FIFO is cleared, 
BDA and HF go HIGH, E/F goes LOW, FIFO direction 
is port A to port B. At power-on the user can initialize the 
device by choo sing t he direction of FIFO operation (Table 
1), and pulsing MR LOW. There is a minim um low period 
for MR, but no maximum time. The st ate o f BYPA is 
latched internally by the rising edge of MR and used to 
determine the direction of subsequent data operations. 

Resetting the FIFO 

During th e time MR is low, the FIFO tristates the data 
ports, sets BDA and H F HIGH, E/ F LOW, and ignores 
the state of BYPA/B and STBA/B. The bypass registers 
are initialized to zero. During this time the user is expected 
to set the direction of the FIFO by driving BYPA HIGH 
or LOW, and BYPB, STBA, and STBB HIGH. Following 
the risi ng edge of MR the FIFO memory is cleared. If 
BYPA is LOW (selecting direction B> A), the FIFO will 
then remain in a reset conditi on until the user t erminat es 
the reset operation by driving BYPA HIGH. If BYPA is 
HIGH (selecting direction A> B), t he reset condition ter- 
minates after the rising edge of MR. The entire reset phase 
can be accomplished in one cycle time of tRc- 

FIFO Operation 

The oper ation o f the FIFO requires only one control pin 
per port (STBX). The user dete rmin es the direction of the 
FIFO data flow by initiating an MR cycle (see Table 1 ), 
which clears the FIFO and bypass register, and sets the 
data path and control signal multiplexers. The bypass reg- 
ister is configured in the opposite direction to the FIFO 
data flow. The FIFO dire ction can be reversed at any time 
by initiating another MR cycle. Data is writ ten into the 
FIFO on the rising edge of the input, STBX, and read from 
the FIFO by a low level at the output, STBX. The two 


ports are asynchronous and independent. If the user at- 
tempts to read the FIFO when it is empty, no action takes 
place (the read pointer is not incremented) until the other 
port writes to the FIFO. Then a “bubble-through” read 
takes place, in which the read strobe is generated internally 
and the data becomes availab le at th e read port shortly 
thereafter, if the read strobe (STBX) is still LOW. Similar- 
ly, for an attempted write operation when the FIFO is full, 
no internal operation takes place until the other port per- 
forms a read operation, at which time the “bubble- 

through” write is performed, if the write strobe (STBX) is 
still LOW. 

Registered Bypass Operation 

The registered bypass feature provides a means of transfer- 
ring one 9-bit word of data in the opposite direction to 
normal data flow without affecting either the FIFO con- 
tents, or the FIFO write operations at the other port. The 
bypass register is configured during reset to provide a data 
path in the opposite direction to that of the FIFO (see 
Table 1). For example, if port A is writing data to the 
FIFO (hence port B is reading data from the FIFO) then 
BYPB is used to write to the bypass register at port B, and 
BYPA is used to read a single word from the bypas s regis- 
ter at port A. The bypass data available flag (BDA) is 
gener ated to notify port A that bypass da ta is ava ilable. 
BDA goes true on the trailing edge of the BYPX write 
operation, and false upon the trailing edge of the BYPX 
read operation. 

Data is written on the rising edge of BYPX into the bypass 
register for later r etrieval by the other port, irrespective of 
th e state o f BDA. The bypass registe r is re ad by a low level 
at BYPX, irrespective of the state of BDA. 

Transparent Bypass Operation 

The transparent bypass feature provides a means of send- 
ing immediate data “around” the FIFO in either direction. 
The FIFO contents are not affected by the use of transpar- 
ent bypass, but the control signals for transparent bypass 
are shared with those of the normal FIFO operation. 

Hence there are limitations on the use of transparent 
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Architecture (Continued) 

bypass to ensure that data integrity and ease-of-use are pre- 
served. The port wishing to send immediate data must en- 
sure that the other port will not attempt a FIFO read or 
write during the transparent bypass cycle. If this is not 
possible, registered bypass or external circuitry should be 
used. 

Transp aren t bypas s mode is initiated by bringing both 
BYPA and STBA LOW together. Care should be taken to 
observe the followi ng constraints on the timing relation- 
ships. Since STBA i s used for normal FIFO operations, it 
must follow BYPA falling edge by txBS t o preven t errone- 
ous FIFO read or write operations. Since BYPA is used 
alone to initiate registered bypass read and write, i t is inte r- 
nally delayed before initiating registered bypass. If STBA 
falls during this time, delay registered bypass is averted, 
and transparent bypass is initiated. Identical arguments ap- 
ply to BYPB and STBB. 


If a transparent bypass sequence is successfully accom- 
plished, data presented to the initiating port (port A in the 
above discussion) will be buffered to the other (port B) 
after tDL- Either port can initiate a transpare nt bypass op- 
eration at any time, but if the control signals (STBA/B, 
BYPA/B) are in conflict (exception condition), internal 
circuitry will switch both ports to high impedance until the 
conflict is resolved. 

Flag Operation 

There are two flags, empty/full (E/F) and half full (HF), 
which are used to decode four FIFO states (see Table 3). 
The states are empty, 1-1024 locations full, 1025-2047 
locat ions full, and full. Note that two conditions cause the 
E/F pin to go low, empty and full, hence both flag pins 
must be used to resolve the two conditions. 


Table 1. FIFO Direction Select Truth Table 


MR 

BYPA 

BYPB 

STBA 

STBB 

Action 

1 

X 

X 

X 

X 

Normal Operation 

T 

1 

1 

1 

1 

FIFO Direction A to B, Registered Bypass Direction B to A 

s 

0 

1 

1 

1 

FIFO Direction B to A, Registered Bypass Direction A to B 

0 

X 

X 

X 

X 

Internal Reset 


X = Don’t Care _T = Rising Edge 


Table 2. Bypass Operation Truth Table 


Direction 

STBA 

BYPA 

STBB 

BYPB 

Action 

A>B 

“LT 

1 

"LT 

1 

Normal FIFO Operations, Write at A, Read at B 

A>B 

1 

“LT 

IT 

1 

Normal FIFO Read at B, Bypass Register Read at A 

A>B 

1_T 

1 

1 

~LT 

Normal FIFO Write at A, Bypass Register Write at B 

B> A 

“LT 

1 

IT 

1 

Normal FIFO Operations, Write at B, Read at A 

B> A 

1 

1_T 

i _r 

1 

Normal FIFO Write at B, Bypass Register Write at A 

B> A 

"LT 

1 

i 

1 T 

Normal FIFO Read at A, Bypass Register Read at B 

X 

0 

0 

i 

1 

No FIFO Operations, Transparent Data A to B 

X 

1 

1 

0 

0 

No FIFO Operations, Transparent Data B to A 


Exception Conditions: Operation Not Defined 


Direction 

STBA 

BYPA 

STBB 

BYPB 

Action 

X 

0 

1 

0 

0 

Data Buses High Impedance 

X 

1 

0 

0 

0 

Data Buses High Impedance 

X 

0 

0 

0 

0 

Data Buses High Impedance 

X 

0 

0 

1 

0 

Data Buses High Impedance 

X 

0 

0 

0 

1 

Data Buses High Impedance 


X = Either Direction "LT = Low Pulse 


Table 3. Flag Truth Table 


E/F 

HF 

State 

0 

1 

Empty 

1 

1 

1 - 1024 Locations Full 

1 

0 

1025-2047 Locations Full 

0 

0 

Full 
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Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

30 

CY7C439-30PC 

P21 

Commercial 

CY7C439-30JC 

J65 

CY7C439-30VC 

V21 

CY7C439-30DC 

D22 

CY7C439-30LC 

L55 

40 

CY7C439-40PC 

P21 

Commercial 

CY7C439-40JC 

J65 

CY7C439-40VC 

V21 

CY7C439-40DC 

D22 

CY7C439-40LC 

L55 

CY7C439-40DMB 

D22 

Military 

CY7C439-40LMB 

L55 

CY7C439-40KMB 

K74 

65 

CY7C439-65PC 

P21 

Commercial 

CY7C439-65JC 

J65 

CY7C439-65VC 

V21 

CY7C439-65DC 

D22 

CY7C439-65LC 

L55 

CY7C439-65DMB 

D22 

Military 

CY7C439-65LMB 

L55 

CY7C439-65KMB 

K74 


PRELIMINARY 


CY7C439 
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CYPRESS 

SEMicaoucroR 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 


PRELIMINARY CY7C439 



Switching Characteristics 


Parameters 

Subgroups 

tRC 

9,10,11 

tA 

9,10,11 

tRR 

9,10,11 

tpR 

9,10,11 

tLZR 

9,10,11 

tDVR 

9,10,11 

tHZR 

9,10,11 

twc 

9,10,11 

tpw 

9,10,11 

tHWZ 

9,10,11 

tWR 

9,10,11 

tSD 

9,10,11 

tHD 

9,10,11 

tMRSC 

9,10,11 

tPMR 

9,10,11 

tRMR 

9,10,11 

tRPS 

9,10,11 

tRPBS 

9,10,11 

tRPBH 

9,10,11 

tBDH 

9,10,11 

tBSR 

9,10,11 

tEFL 

9,10,11 

tHFH 

9,10,11 

tBRS 

9,10,11 


Document #: 38-00126 


Parameters 

Subgroups 

tREF 

9,10,11 

tRFF 

9,10,11 

tWEF 

9,10,11 

tWFF 

9,10,11 

tWHF 

9,10,11 

tRHF 

9,10,11 

tRAE 

9,10,11 

tRPE 

9,10,11 

tWAF 

9,10,11 

tWPF 

9,10,11 

tBSU 

9,10,11 

tBHL 

9,10,11 

tBDA 

9,10,11 

tBDB 

9,10,11 

tBA 

9,10,11 

tBHZ 

9,10,11 

tTSB 

9,10,11 

tTBS 

9,10,11 

tTSN 

9,10,11 

tTSD 

9,10,11 

tTBN 

9,10,11 

tTBD 

9,10,11 

tTPD 

9,10,11 

tDL 

9,10,11 


Parameters 

Subgroups 

tESD 

9,10,11 

tEBD 

9,10,11 

tEDS 

9,10,11 

tEDB 

9,10,11 

tBPW 

9,10,11 

tTSP 

9,10,11 

tBLZ 

9,10,11 

tBDV 

9,10,11 
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ADVANCED INFORMATION 


CY7C441 

CY7C442 


CYPRESS 
SEMICONDUCTOR 


Synchronous 512 x 9 FIFO 
Synchronous 2K x 9 FIFO 


Features 

• 512 X 9 (CY7C441) and 2K x 9 
(CY7C442) FIFO buffer memory 

• Ultra-high-speed 70 MHz 
operation 

• Supports free-running 50% 

( ± 10%) duty cycle clock inputs 

• Empty, almost empty, and 
almost full status flags 

• Width-expandable 

• Fully asynchronous and 
simultaneous read and write 
operation 

• Rising-edge triggered clock 
inputs 

• Independent read and write 
enable pins 

• Registered data inputs and 
outputs 

• Available in 300-mil 28-pin DIP, 
PLCC, LCC, and SOJ packages 

• Center power and ground pins 
for reduced noise 


• Dual-port RAM cell 

• Proprietary 0.8 ju, CMOS 
technology 

• TTL compatible 

Functional Description 

The CY7C441 and CY7C442 are ultra- 
high-speed low-power first-in first-out 
(FIFO) memories with registered (syn- 
chronous) interfaces and status flags. 
The CY7C441 has a 512 x 9-bit memo- 
ry array, while the CY7C442 has a 
2048 x 9-bit wide array. These devices 
provide solutions for a wide variety of 
data buffering needs, including high- 
speed data acquisition, multiprocessor 
interfaces and communications buffer- 
ing. 

Both FIFOs have 9-bit input and out- 
put ports. The input port is controlled 
by a free-running 50% ( ± 10%) duty- 
cycle clock (CKW) and a write enable 


pin (ENW). When ENW is low, data is 
written into the synchronous FIFO on 
the rising edge of CKW. The output 
port is controlled in a similar manner 
by a free-running read cl ock (C KR) 
and the read enable pin (ENR). The 
read (CKR) and write (CKW) clocks 
may be tied together for single-clock 
operation or the two clocks may be run 
independently for asynchronous 
read/write operations. Clock frequen- 
cies up to 70 MHz are acceptable. 

The synchronous FIFOs have two 
fixed status flags, FI and F2, which in- 
dicate empty, almost empty, and al- 
most full states. The empty and almost 
empty status is updated exclusively by 
RCK while almost full is updated ex- 
clusively by WCK. This architecture 
guarantees that the flags maintain their 
status for a minimum of one clock cy- 
cle. 


Logic Block Diagram 


Pin Configurations 


CKW ENW D 0 _ g 



°0-8 CKR ENR 


0176-1 


PLCC/LCC 
Top View 



DIP 

Top View 


c 1 

C 2 
C 3 
C 4 
C 5 
C 6 
C 7 
C 8 


X7" 


CONSULT 

FACTORY 

FOR 

PINOUT 

INFORMATION ' 


20 D 
19 □ 
18 □ 
17 □ 
16 3 
15 3 
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CY7C443 

ADVANCED INFORMATION CY7C444 
W SEMICONDUCTOR Cascadeable Synchronous 



Features 

• 512 x 9 (CY7C443) and 2K x 9 
(CY7C444) FIFO buffer memory 

• Ultra-high-speed 70 MHz 
operation 

• Supports free-running 50% 

( ± 10%) duty cycle clock inputs 

• Programmable parity 
generate/check 

• Empty/full and half full status 
flags 

• Programmable almost empty/full 
status flags 

• Depth and width expandable 

• Fully asynchronous and 
simultaneous read and write 
operation 

• Rising-edge triggered clock 
inputs 

• Independent read and write 
enable pins 

• Retransmit function 

• Registered data inputs and 
outputs 

• Three-state outputs (with output 
enable) 

• Available in 300-mil 32-pin DIP, 
PLCC, LCC, and SOJ packages 


• Center power and ground pins 
for reduced noise 

• Dual-port RAM cell 

• Proprietary 0.8ju CMOS 
technology 

• TTL compatible 

Functional Description 

The CY7C443 and CY7C444 are ultra- 
high-speed low-power first-in first-out 
(FIFO) memories with registered (syn- 
chronous) interfaces, programmable 
status flags, and parity generate/check 
features. The CY7C443 has a 512 x 
9-bit memory array, while the 
CY7C444 has a 2048 x 9-bit wide ar- 
ray. These devices provide solutions for 
a wide variety of data buffering needs, 
including high-speed data acquisition, 
multiprocessor interfaces and commu- 
nications buffering. 

Both FIFOs have 9-bit input and out- 
put ports. The input port is controlled 
by a free-running 50% (± 10%) duty- 
cycle clock (CKW) and the write en- 
able pin (ENW). When ENW is low, 
data is written into the synchronous 
FIFO on the rising edge of CKW. The 
output port is controlled in a similar 


FIFO 512 x 9, 2K x 9 


manner by a free-running read c lock 
(CKR) and the read enable pin (ENR). 
The read (CKR) and the write (CKW) 
clocks may be tied together for single- 
clock operation or the two clocks may 
be run independently for asynchronous 
read/write operations. Clock frequen- 
cies up to 70 MHz are acceptable. 

The synchr onous FIFOs have three 
status flags, E/F, PAFE, and HF, 
which indicate empty, almost empty, 
half full, almost full, and full condi- 
tions. The empty and almost empty 
status is updated exclusively by RCK 
while the full, almost full, and half full 
conditions are updated exclusively by 
WCK. This architecture guarantees 
that the flags maintain their status for a 
minimum of one clock cycle. The pro- 
grammable almost full/empty flag 
(PAFE) and the retransmit function 
are available in width expansion and 
single device mode only. 

Parity generate/check and the pro- 
grammable flags are configured by 
loading a register during the master re- 
set cycle. The XI and XO pins provide 
FIFO depth expansion using a daisy- 
chain technique. 


Logic Block Diagram 


FL/RT 


Q 0 -7. Qs/pg/pe 



Pin Configurations 

PLCC/LCC 
Top View 



c 1 

C 2 

C 3 
C 4 
C 5 

C 6 

C 7 

C 8 

C 9 

C 10 
C ii 
C 12 

C 13 
C 14 
C 15 

L 16 


DIP 

Top View 
C7" 


CONSULT 

FACTORY 

FOR 

PINOUT 

INFORMATION 


32 □ 
31 □ 
30 □ 
29 □ 
28 3 
27 □ 
26 □ 
25 3 
24 3 
23 □ 
22 3 
21 3 
20 □ 
19 3 
18 □ 
17 □ 


CKR ENR 
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ADVANCED INFORMATION CYM4210 


nypPTTQC! 

SEMICONDUCTOR 


Cascadeable 8K x 9 FIFO 


Matures 

8K x 9 FIFO buffer memory 
Asynchronous read/write 
High-speed 20-MHz read/write 
Pin-compatible with 7C42X series of 
monolithic FIFOs 
1 Low operating power 
— I C c (max.) = 350 mA 
' 600-mil DIP package 
> Empty, full flags 
' Small PCB footprint 
— 0.84 sq. in. 

» Expandable in depth and width 


Functional Description 

The CYM4210 is a first-in first-out 
(FIFO) memory module that is 8,192 
words by 9 bits wide. It is offered in a 
600-mil-wide DIP package. Each FIFO 
memory is organized such that the data is 
read in the same sequential order that it 
was written. Full and empty flags are pro- 
vided to prevent over-run and under-run. 
Three additional pins are also provided to 
facilitate unlimited expansion in width, 
depth, or both. The depth expansion tech- 
nique steers the control signals from one 
device to another in parallel, thus elimi- 
nating the serial addition of propagation 


delays so that throughput is not reduced. 
Data is steered in a similar manner. 

The read and write operations may be 
asynchronous; each can occur at a rate of 
20 MHz. The write operation occurs when 
the write (W) signal is LOW. Read occurs 
when read (R) goes LOW. The 9 data out- 
puts go to the high-impedance state when 
R is HIGH. 

In th e depth expansion configuration the 
(XO) pin provides the expansion out in- 
formation that is used to tell the next 
FIFO that it will be activated. 


Logic Block Diagram Package Diagram 


DATA INPUTS 
(D0-D8) 



4210-1 


28-Pin DIP Module 




I 


0.590 

0.610 



■Q..QQ3 

0.013 


IN 


4210-2 
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CYPRESS = 

SEMICONDUCTOR Cascadeable 16K x 9 FIFO 


Features 

• 16K x 9 FIFO buffer memory 

• Asynchronous read/write 

• High-speed 20-MHz read/write 

• Pin-compatible with 7C42X series of 
monolithic FIFOs 

• Low operating power 

— Ice (max.) = 400 mA 

• 600-mil DIP package 

• Empty and full flags 

• Small PCB footprint 
— 0.84 sq. in. 

• Expandable in depth and width 


Functional Description 

The CYM4220 is a first-in first-out 
(FIFO) memory module that is 16,384 
words by 9 bits wide. It is offered in a 
600-mil-wide DIP package. Each FIFO 
memory is organized such that the data is 
read in the same sequential order that it 
was written. Full and Empty flags are pro- 
vided to prevent over-run and under-run. 
Three additional pins are also provided to 
facilitate unlimited expansion in width, 
depth, or both. The depth expansion tech- 
nique steers the control signals from one 
device to another in parallel, thus elimi- 
nating the serial addition of propagation 
delays so that throughput is not reduced. 
Data is steered in a similar manner. 


The read and write operations may be 
asynchronous; each can occur at a rate of 
20 MHz. The write operation occurs wher 
the Write (W^signal is LOW. Read occurs 
when Read (R) goes LOW. The 9 data 
outputs^ go to the high-impedance state 
when R is HIGH. 

A Half-Full (HF) output flag is provided 
that is valid in the standalone and width 
expansion configurations. In the depth ex- 
pansion configuration the (XO) pin pro- 
vides the expansion out information whicl 
is used to tell the next FIFO that it will lx 
activated. 


Logic Block Diagram 


Package Diagram 


DATA INPUTS 
(D0-D8) 


28-Pin DIP Module 





DIMENSIONS I 
INCHES 
MIN. 
MAX. 


Document #: 38-M-00033 
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PROMS 
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BRIDGEMOS 



DESIGN AND = 
PROGRAMMING TOOLS 



QUALITY AND 
RELIABILITY 



PACKAGES 
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LOGIC Page Number 

Device Number Description 

CY2901C CMOS 4-Bit Slice 6-1 

CY2909A CMOS Microprogram Sequencers 6-9 

CY2911A CMOS Microprogram Sequencers 6-9 

CY2910A CMOS Microprogram Controller 6-14 

CY7C510 16 x 16 Multiplier Accumulator 6-19 

CY7C516 16 x 16 Multipliers 6-31 

CY7C517 16 x 16 Multipliers 6-31 

CY7C901 CMOS 4-Bit Slice 6-43 

CY7C909 CMOS Microprogram Sequencers 6-58 

CY7C911 CMOS Microprogram Sequencers 6-58 

CY7C910 CMOS Microprogram Controller 6-69 

CY7C9101 CMOS 16-Bit Slice 6-80 

CY7C9115 CMOS 16-Bit Microprogrammed ALU 6-97 

CY7C9116 CMOS 16-Bit Microprogrammed ALU 6-97 

CY7C9117 CMOS 16-Bit Microprogrammed ALU 6-97 





Features 

• Pin compatible and functional 
equivalent to AMD AM2901C 

• Low power 

• Vcc margin 
— 5V ± 10% 

— All parameters guaranteed 
over commercial and military 
operating temperature range 

• Eight function ALU 

Performs eight operations on 
two 4-bit operands 

• Expandable 

Infinitely expandable in 4-bit 
increments 

• Four status flags 

Carry, overflow, negative, zero 


• ESD protection 

Capable of withstanding 
greater than 2000V static 
discharge voltage 

Functional Description 

The CY2901 is a high-speed, expand- 
able, 4-bit wide ALU that can be used 
to implement the arithmetic section of 
a CPU, peripheral controller, or pro- 
grammable controller. The instruction 
set of the CY2901 is basic but yet so 
versatile that it can emulate the ALU 
of almost any digital computer. 

The CY2901, as illustrated in the block 
diagram, consists of a 16-word by 4-bit 
dual-port RAM register file, a 4-bit 
ALU and the required data manipula- 
tion and control logic. 


The operation performed is determined 
by nine input control lines (Io to Is) 
that are usually inputs from an instruc- 
tion register. 

The CY2901 is expandable in 4-bit in- 
crements, has three-state data outputs 
as well as flag outputs, and can use ei- 
ther a full-look ahead carry or a ripple 
carry. 

The CY2901 is a pin compatible, func- 
tional equivalent, improved perform- 
ance replacement for the AM2901. 

The CY2901 is fabricated using an ad- 
vanced 1.2 micron CMOS process that 
eliminates latchup, results in ESD pro- 
tection over 2000V and achieves supe- 
rior performance at a low power dissi- 
pation. 


Logic Block Diagram 


Pin Configuration 


MICROINSTRUCTION DECODE 


IRAMo RAM SHIFT RAM 3 I 


B' DATA IN 
'A' ADDRESS 
RAM 

16 ADDRESSABLE 
REGISTERS 
'B' ADDRESS 



Top View 



OUTPUT DATA SELECTOR 


Selection Guide See last page for ordering information. 


Read Modify- Write Cycle (Min.) in ns 

Operating Icc (Max.) in mA 

Operating Range 

Part Number 

31 

140 

Commercial 

CY2901C 

32 

180 

Military 

CY2901C 
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CYPRESS 

SEMICONDUCTOR 


CY2901C 


Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 

Storage Temperature — 65°C to + 150°C Static Discharge Voltage > 2001V 

Ambient Temperature with ( Per MIL-STD-883 Method 3015) 

Power Applied — 55°C to + 125°C Latchup Current (Outputs) > 200 mA 


Supply Voltage to Ground Potential 


(Pin 10 to Pin 30) -0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State —0.5V to + 7.0V 

DC Input Voltage — 3.0V to + 7.0V 

Output Current into Outputs (Low) 30 mA 


Pin Definitions 

Signal 

Name I/O Description 

A 0 -A 3 I These 4 address lines select one of the registers in 
the stack and output its contents on the (internal) 
A port. 

B 0 -B 3 I These 4 address lines select one of the registers in 
the stack and output is contents on the (internal) 
B port. This can also be the destination address 
when data is written back into the register file. 

Io— Is I These 9 instruction lines select the ALU data 

sources (Io, 1 , 2 ). the operation to be performed 
(I 3 , 4 , 5 ) and what data is to be written into either 
the Q register or the register file (16, 7 , b)- 

D 0 -D 3 I These are 4 data input lines that may be selected 
by the Io, 1, 2 lines as inputs to the ALU. 

Y 0 -Y 3 O These are three-state data output lines that, when 
enabled, output either the output of the ALU or 
the data in the A latches, as determined by the 
code on the 1 $, 7 , 8 lines. 

OE I Output Enable. This is an active LOW input that 
controls the Y 0 -Y 3 outputs. When this signal is 
LOW the Y outputs are enabled and when it is 
HIGH they are in the high impedance state. 

CP I Clock Input. The LOW level of the clock writes 
data to the 16x4 RAM. The HIGH level of the 
clock writes data from the RAM to the A-port 
and B-port latches. The operation of the Q 
register is similar. Data is entered into the master 
latch on the LOW level of the clock and 
transferred from master to slave when the clock is 
HIGH. 

Q 3 I/O These two lines are bidirectional and are 

RAM 3 controlled by the 16, 7 , 8 inputs. Electrically they 
are three-state output drivers connected to the 
TTL compatible CMOS inputs. 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70°C 

5V ± 10% 

Military! 1 ] 

— 55°C to +125°C 

5V ± 10% 

Note: 

1 . Ta is the “instant on” case temperature. 


Signal 

Name I/O 

Description 



Q 3 I/O Outputs: When the destination code on lines 

RAM 3 16, 7 , 8 indicates a shift left (UP) operation the 

(Cont.) three-state outputs are enabled and the MSB of 
the Q register is output on the Q 3 pin and the 
MSB of the ALU output (F 3 ) is output on the 
RAM 3 pin. 

Inputs: When the destination code indicates a 
shift right (DOWN) the pins are the data inputs 
to the MSB of the Q register and the MSB of the 
RAM. 

Qo I/O These two lines are bidirectional and function in a 

RAMo manner similar to the Q 3 and RAM 3 lines, except 
that they are the LSB of the Q register and RAM. 

C n I The carry-in to the internal ALU. 

C n + 4 O The carry-out from the internal ALU. 

G, P O The carry generate and the carry propagate 
outputs of the ALU, which may be used to 
perform a carry look-ahead operation over the 4 
bits of the ALU. 

OVR O Overflow. This signal is logically the exclusive- 
OR of the carry-in and the carry-out of the MSB 
of the ALU. This pin indicates that the result of 
the ALU operation has exceeded the capacity of 
the machine. It is valid only for the sign bit and 
assumes two’s complement coding for negative 
numbers. 

F = 0 O Open collector output that goes HIGH if the data 
on the ALU outputs (Fo, 1 , 2 , 3 ) are all LOW. It 
indicates that the result of an ALU operation is 
zero (positive logic). 

F 3 O The most significant bit of the ALU output. 
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CYPRESS 

SEMICONDUCTOR 


CY2901C 


Electrical Characteristics Over Commercial and Military Operating Ranged 
VccMin. = 4.5V, V C c Max. = 5.5V 


Parameters 

Description 

Test Conditions 

Min. 

Max. 

Units 

VOH 

Output HIGH Voltage 

Vcc = Min. 

Ioh = — 3.4 mA 

2.4 


D 

VOL 

Output LOW Voltage 

Vcc = Min. 

Iol = 20 mA Commercial 

Iol = 16 mA Military 


0.4 

V 

Vffl 

Input HIGH Voltage 


2.0 

Vcc 

V 

VlL 

Input LOW Voltage 


-3.0 

0.8 

V 

IlH 

Input HIGH Current 

Vcc = Max. 

VlN = Vcc 


10 

fiA 

IlL 

Input LOW Current 

Vcc = Max. 

Vin = GND 


-10 

ju.A 

lOH 

Output HIGH Current 

Vcc = Min. 

Vqh = 2.4V 

n 


mA 

IOL 

Output LOW Current 

Vcc = Min. 

Vql = 0.4V 

Commercial 

20 


mA 

Military 

16 


mA 

loz 

Output Leakage Current 

Vcc = Max. 

VoUT = GND to Vcc 

-40 

+ 40 

ju.A 

fiA 

isc 

Output Short Circuit Current! 1 ! 

Vcc = Max. 

VoUT = 0V 

-30 

-85 

mA 

Icc 

Supply Current 

Vcc = Max. 

Commercial 


140 

mA 

Military 


180 

mA 


Capacitance^ 


Parameters 

Description 

Test Conditions 

Max. 

Units 

ClN 

Input Capacitance 

T a = 25°C, f= 1 MHz 

Vcc = 5.0V 

5 

pF 

CoUT 

Output Capacitance 

7 


Notes: 

1. Not more than one output should be tested at a time. Duration of the 3. See the last page of this specification for Group A subgroup testing 

short circuit should not be more than one second. information. 

2. Tested initially and after any design or process changes that may 
affect these parameters. 

Output Loads used for AC Performance Characteristics 


+5 V 



0007-3 

All outputs except open drain 

Notes: 

1. Cl — 50 pF includes scope probe, wiring and stray capacitance. 

2. Cl = 5 pF for output disable tests. 

3. Loads shown above are for commercial (20 mA) Iol specifications 
only. 



Commercial 

Military 

Ri 

2030 

2520 

R2 

1480 

1740 



Open drain (F = 0) 


0007-4 
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CY2901C Guaranteed Commercial 
Range AC Performance Characteristics 

The tables below specify the guaranteed AC performance 
of these devices over the Commercial (0°C to 70° C) operat- 
ing temperature range with Vcc varying from 4.5V to 
5.5V. All times are in nanoseconds and are measured be- 
tween the 1.5V signal levels. The inputs switch between 0V 
and 3 V with signal transition rates of IV per nanosecond. 
All outputs have maximum DC current loads. See previous 
page for loading circuit information. 

This data applies to parts with the following numbers: 
CY2901CPC CY2901CDC CY2901CLC 


CY2901C 


Cycle Time and Clock Characteristics 


CY2901- 

C 

Read-Modify-Write Cycle (from 
selection of A, B registers to 
end of cycle). 

31 ns 

Maximum Clock Frequency to shift Q 
(50% duty cycle, I = 432 or 632) 

32 MHz 

Minimum Clock LOW Time 

15 ns 

Minimum Clock HIGH Time 

15 ns 

Minimum Clock Period 

31 ns 


For faster performance see CY7C901-23 specification. 


Combinational Propagation Delays. Cl = 50 pF 


To Output 

Y 

f 3 

C„ + 4 

G, P 

F = 0 

OVR 

RAM 0 

RAM 3 

Qo 

q 3 

From Input 

A, B Address 

40 

40 

40 

37 

40 

40 

40 

— 

D 

30 

30 

30 

30 

38 

30 

30 

— 

Cn 

22 

22 

20 

— 

25 

22 

25 

— 

1012 

35 

35 

35 

37 

37 

35 

35 

— 

1345 

35 

35 

35 

35 

38 

35 

35 

— 

1678 

25 

— 

— 

— 

— 

— 

26 

26 

A Bypass ALU 
(I = 2XX) 

35 

— 

— 

— 

— 

— 

— 

— 

Clock S~ 

35 

35 

35 

35 

35 

35 

35 

28 


Set-up and Hold Times Relative to Clock (CP) Input 


Input 


r 

1 


ci : 3 

Set-up Time 
Before H — * L 

c 

Hold Time 
After L — ► H 

Hold Time 
After H — ► L 

Set-up Time 
Before L — ► H 

A, B Source Address 

15 

1 

(Note 3) 

30, 15 + tpwL 
(Note 4) 

1 

B Destination Address 

15 

< — Do Not Change — ► 

1 

D 

— 

— 

25 

0 

c„ 

— 

— 

20 

0 

I 012 

— 

— 

30 

0 

I345 

— 

— 

30 

0 

1678 

10 

< — Do Not Change — ► 

0 

RAMo, 3,Qo, 3 

— 

— 

12 

0 


Output Enable/Disable Times 

Output disable tests performed with Cl = 5 pF and measured to 0.5 V change of output voltage level. 

3. Source addresses must be stable prior to the clock H — ► L transition 
to allow time to access the source data before the latches close. The A 
address may then be changed. The B address could be changed if it is 
not a destination; i.e. if data is not being written back into the RAM. 
Normally A and B are not changed during the clock LOW time. 

4. The set-up time prior to the clock L — > H transition is to allow time 
for data to be accessed, passed through the ALU, and returned to the 
RAM. It includes all the time from stable A and B addresses to the 
clock L — > H transition, regardless of when the clock H — ► L 
transition occurs. 


Device 

Input 

Output 

Enable 

Disable 

CY2901C 

OE 

Y 

23 

23 


Notes: 

1. A dash indicates a propagation delay path or set-up time constraint 
does not exist. 

2. Certain signals must be stable during the entire clock LOW time to 
avoid erroneous operation. This is indicated by the phrase “do not 
change”. 
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CYPRESS 

SEMICONDUCTOR 


CY2901C 


CY2901C Guaranteed Military 
Range AC Performance Characteristics 

The tables below specify the guaranteed AC performance 
of these devices over the Military ( — 55°C to + 125°C) op- 
erating temperature range with Vcc varying from 4.5 V to 
5.5V. All times are in nanoseconds and are measured be- 
tween the 1.5V signal levels. The inputs switch between OV 
and 3 V with signal transition rates of IV per nanosecond. 
All outputs have maximum DC current loads. See “Electri- 
cal Characteristics” of this data sheet for loading circuit 
information. 

This data applies to parts with the following numbers: 
CY2901CDMB 


Cycle Time and Clock Characteristics^ 


CY2901- 

C 

Read-Modify- Write Cycle (from 
selection of A, B registers to 
end of cycle). 

32 ns 

Maximum Clock Frequency to shift Q 
(50% duty cycle, I = 432 or 632) 

31 MHz 

Minimum Clock LOW Time 

15 ns 

Minimum Clock HIGH Time 

15 ns 

Minimum Clock Period 

32 ns 


For faster performance see CY7C901-27 specification. 


Combinational Propagation Delays Cl = 50 ppt 5 ! 


To Output 

Y 

f 3 

C n + 4 

G, P 

F = 0 

OVR 

RAM 0 

RAM 3 

O r*> 

O' O' 

From Input 

A, B Address 

48 

48 

48 

44 

48 

48 

48 

— 

D 

37 

37 

37 

34 

40 

37 

37 

— 

c„ 

25 

25 

21 

— 

28 

25 

28 

— 

I()12 

40 

40 

40 

44 

44 

40 

40 

— 

1345 

40 

40 

40 

40 

40 

40 

40 

— 

1-678 

29 

— 

— 

— 

— 

— 

29 

29 

A Bypass ALU 
(I = 2XX) 

40 

— 

— 

— 

— 

— 

— 

— 

Clock _y 

40 

40 

40 

40 

40 

40 

40 

33 


Set-up and Hold Times Relative to Clock (CP) Input ^ 




r 

1 



ci : 3 

t ‘ 

Input 

Set-up Time 
Before H — > L 

Hold Time 
After H — ► L 

Set-up Time 
Before L — > H 

Hold Time 
After L — * H 

A, B Source Address 

15 

2 

(Note 3) 

30, 15 + tpwL 
(Note 4) 

2 

B Destination Address 

15 

< — Do Not Change — > 

2 

D 

— 

— 

25 

0 

c„ 

— 

— 

20 

0 

1012 

— 

— 

30 

0 

I 345 

— 

— 

30 

0 

1678 

10 

< — Do Not Change — > 

0 

RAMq, 3,00, 3 

— 

— 

12 

0 


Output Enable/Disable Times ^ 

Output disable tests performed with Cl = 5 pF and measured to 0.5 V change of output voltage level. 


Device 

Input 

Output 

Enable 

Disable 

CY2901C 

OE 

Y 

25 

25 


Notes: 

1. A dash indicates a propagation delay path or set-up time constraint 
does not exist. 

2. Certain signals must be stable during the entire clock LOW time to 
avoid erroneous operation. This is indicated by the phrase “do not 
change”. 


Source addresses must be stable prior to the clock H — ► L transition 
to allow time to access the source data before the latches close. The A 
address may then be changed. The B address could be changed if it is 
not a destination; i.e. if data is not being written back into the RAM. 
Normally A and B are not changed during the clock LOW time. 

4. The set-up time prior to the clock L — > H transition is to allow time 
for data to be accessed, passed through the ALU, and returned to the 
RAM. It includes all the time from stable A and B addresses to the 
clock L — ► H transition, regardless of when the clock H — > L 
transition occurs. 

5. See the last page of this specification for Group A subgroup testing 
information. 
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CYPRESS 

SEMICONDUCTOR 


CY2901C 


Ordering Information 


Read 




Modify- 

Write 

Ordering Code 

Package 

Type 

Operating 

Range 

Cycle (ns) 




31 

CY2901CPC 

P17 

Commercial 

31 

CY2901CDC 

D18 

Commercial 

32 

CY2901CDMB 

D18 

Military 















MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 


Parameters 

Subgroups 

VoH 

1,2,3 

VoL 

1,2,3 

Vih 

1,2,3 

VlL Max. 

1,2,3 

IlH 

1,2,3 

IlL 

1,2,3 

lOH 

1,2,3 

lOL 

1,2,3 

loz 

1,2,3 

isc 

1,2,3 

Icc 

1,2,3 


Cycle Time and Clock Characteristics 


Parameters 

Subgroups 

Minimum Clock LOW Time 

7,8,9,10,11 

Minimum Clock HIGH Time 

7,8,9,10,11 


Combinational Propagation Delays 


Parameters 

Subgroups 

From A, B Address to Y 

7,8,9,10,11 

From A, B Address to F3 

7,8,9,10,11 

From A, B Address to C n + 4 

7,8,9,10,11 

From A, B Address to G, P 

7,8,9,10,11 

From A, B Address to F = 0 

7,8,9,10,11 

From A, B Address to OVR 

7,8,9,10,11 

From A, B Address to RAMo, 3 

7,8,9,10,11 

From D to Y 

7,8,9,10,11 

From D to F 3 

7,8,9,10,11 

From D to C n + 4 

7,8,9,10,11 

From D to G, P 

7,8,9,10,11 

From D to F = 0 

7,8,9,10,11 

From D to OVR 

7,8,9,10,11 

From D to RAMo, 3 

7,8,9,10,11 


CY2901C 


Combinational Propagation Delays (Continued) 


Parameters 

Subgroups 

From C n to Y 

7,8,9,10,11 

From C n to F3 

7,8,9,10,11 

From C n to C n + 4 

7,8,9,10,11 

From C n to F = 0 

7,8,9,10,11 

From C n to OVR 

7,8,9,10,11 

From C n to RAMo, 3 

7,8,9,10,11 

From I 012 to Y 

7,8,9,10,11 

From I 012 to F 3 

7,8,9,10,11 

FromIoi 2 toC n + 4 

7,8,9,10,11 

From I 012 to G, P 

7,8,9,10,11 

From I 012 to F = 0 

7,8,9,10,11 

From I 012 to OVR 

7,8,9,10,11 

From I 012 to RAMo, 3 

7,8,9,10,11 

From I 345 to Y 

7,8,9,10,11 

From I 345 to F 3 

7,8,9,10,11 

From I 345 to C n + 4 

7,8,9,10,11 

From I 345 to G, P 

7,8,9,10,11 

From I 345 to F = 0 

7,8,9,10,11 

From I 345 to OVR 

7,8,9,10,11 

From I 345 to RAMo, 3 

7,8,9,10,11 

From 1678 to Y 

7,8,9,10,11 

From l 67 g to RAMo, 3 

7,8,9,10,11 

From 1678 to Qo, 3 

7,8,9,10,11 

From A Bypass ALU to Y 
(I = 2XX) 

7,8,9,10,11 

From Clock to Y 

7,8,9,10,11 

From Clock to F 3 

7,8,9,10,11 

From Clock S~ to C n + 4 

7,8,9,10,11 

From Clock to G, P 

7,8,9,10,11 

From Clock S~ to F = 0 

7,8,9,10,11 

From Clock to OVR 

7,8,9,10,11 

From Clock S~ to RAMo, 3 

7,8,9,10,11 

From Clock to Qo, 3 

7,8,9,10,11 































































































































CY2901C 


Set-up and Hold Times Relative to Clock (CP) Input 


Parameters 

Subgroups 

A, B Source Address 

Set-up Time Before H — ► L 

7,8,9,10,11 

A, B Source Address 

Hold Time After H — * L 

7,8,9,10,11 

A, B Source Address 

Set-up Time Before L — * H 

7,8,9,10,11 

A, B Source Address 

Hold Time After L — ► H 

7,8,9,10,11 

B Destination Address 

Set-up Time Before H — ► L 

7,8,9,10,11 

B Destination Address 

Hold Time After H — ► L 

7,8,9,10,11 

B Destination Address 

Set-up Time Before L — *■ H 

7,8,9,10,11 

B Destination Address 

Hold Time After L — * H 

7,8,9,10,11 


7,8,9,10,11 


Document #: 38-00008-B 


Parameters 

Subgroups 


7,8,9,10,11 


7,8,9,10,11 


7,8,9,10,11 


7,8,9,10,11 


7,8,9,10,11 

I 345 Set-up Time Before L — > H 

7,8,9,10,11 


7,8,9,10,11 


7,8,9,10,11 

1678 Hold Time After H — > L 

7,8,9,10,11 


7,8,9,10,11 


7,8,9,10,11 

RAMo, RAM 3 , Qo, Q 3 

Set-up Time Before L — ► H 

7,8,9,10,11 

RAMo, RAM 3 , Qo, Q 3 

Hold Time After L — * H 

7,8,9,10,11 
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Features 

• Fast 

— CY2909A/11A has a 40 ns 
(min.) clock to output cycle 
time; commercial 

— CY2909/11 has a 40 ns 
(min.) clock to output cycle 
time; military 

• Low power 

— Ice (max.) = 70 mA 
commercial 

— Ice (max.) = 90 mA 
military 

• Vcc margin 

— 5V ± 10% 

— All parameters guaranteed 
over commercial and military 
operating temperature range 

• Expandable 

Infinitely expandable in 4-bit 

increments 


• ESD protection 

Capable of withstanding greater 
than 2000V static discharge 
voltage 

• Pin compatible and 
functional equivalent to 
AMD AM2909 A/ AM291 1 A 

Description 

The CY2909A and CY291 1A are high- 
speed, four-bit wide address sequencers 
intended for controlling the sequence 
of execution of microinstructions con- 
tained in microprogram memory. They 
may be connected in parallel to expand 
the address width in 4 bit increments. 
Both devices are implemented in high 
performance CMOS for optimum 
speed and power. 

The CY2909A can select an address 
from any of four sources. They are: 


1) a set of four external direct inputs 
(Di); 2) external data stored in an inter- 
nal register (Rj); 3) a four word deep 
push/pop stack; or 4) a program coun- 
ter register (which usually contains the 
last address plus one). The push/pop 
stack includes control lines so that it 
can efficiently execute nested subrou- 
tine linkages. Each of the four outputs 
(Yj) can be OR’ed with an external in- 
put for condi tional s kip or branch in- 
structions. A ZERO input line forces 
the outputs to all zeros. The outputs 
are three state, controlled by the 
Output Enable (OE) input. 

The CY291 1A is an identical circuit to 
the CY2909A, except the four OR in- 
puts are removed and the D and R in- 
puts are tied together. The CY291 1A is 
available in a 20-pin, 300-mil package. 
The CY2909 is available in a 28-pin, 
600-mil package. 
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CYPRESS 

SEMICONDUCTOR 


CY2909A 

CY2911A 


Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature — 65°Cto + 150°C 

Ambient Temperature with 

Power Applied — 55° C to + 125°C 

Supply Voltage to Ground Potential .... —0.5V to + 7.0V 
DC Voltage Applied to Outputs 

in High Z State —0.5V to + 7.0V 

DC Input Voltage — 3.0V to + 7.0V 

Output Current, into Outputs (Low) 30 mA 

Electrical Characteristics Over Operating Range M 


Static Discharge Voltage 

(per MIL-STD-883 Method 3015) 

Latch-Up Current 


Operating Range 


> 2001V 


>200 mA 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70°C 

5V ± 10% 

Military l 3 ! 

— 55°C to +125°C 

5V ± 10% 


Parameters 

Description 

VOH 

Output HIGH Voltage 

VOL 

Output LOW Voltage 

VlH 

Input High Voltage 

VlL 

Input Low Voltage 

Iix 

Input Load Current 

loz 

Output Leakage 

Current 

los 

Output Short 

Circuit Current!!] 

Icc 

Vcc Operating 

Supply Current 


Test Conditions 


V C c = Min., Iqh = —2.6 mA (Comm.) 


Vcc = Min., Iqh = — 1.0 mA (Mil.) 


Vcc = Min., Iql = 16.0 mA 


GND ^ Vi <; v C c 


GND ^ Vo <; Vcc 
Output Disabled 


Vcc = Max. 


Vcc = Max. 
IoUT = 0 mA 


VoUT = GND 


Commercial 


Military 



Capacitance t 2 ] 


Parameters 

Description 

ClN 

Input Capacitance 

CqUT 

Output Capacitance 



Notes: 

1. Not more than 1 output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 

2. Tested initially and after any design or process changes that may 
affect these parameters. 

AC Test Loads and Waveforms 

R1 R' 


INCLUDING “ZT 
JIG AND “ 
SCOPE 



INCLUDING — 
JIG AND “ 
SCOPE 



Test Conditions 


T a = 25°C, f = 1 MHz 
Vcc = 5.0V 


3. Ta is the “instant on” case temperature. 

4. See the last page of this specification for Group A subgroup testing 
information. 


ALL INPUT PULSES 

I I 

/ 90% \90% 


5 ns 

0066-7 


Figure 2 


Figure la 


Figure lb 



Commercial 

Military 

Rl 

254H 

258H 

R2 

187H 

216H 


6-10 




































































CYPRESS 

SEMICONDUCTOR 


CY2909A 

CY2911A 


Switching Characteristics Over Operating Rangel 4 ) 



2909A 

2911A 

2909A 

2911 A 

Units 

Commercial 

Military 


Minimum Clock Low Time 

20 

20 

ns 

Minimum Clock High Time 

20 

20 

ns 

MAXIMUM COMBINATIONAL PROPAGATION DELAYS 

From Input To: 

Y 

C N + 4 

Y 

C N + 4 

ns 

Di 

17 

22 

20 

25 

ns 

So, Si 

29 

34 

29 

34 

ns 

ORi CY2909A 

17 

22 

20 

25 

ns 

Cn 

— 

14 

— 

16 

ns 

ZERO 

29 

34 

30 

35 

ns 

OE Low to Output 

25 

— 

25 

— 

ns 

OE High to High ZW 

25 

— 

25 

— 

ns 

Clock High, S 0 , Si = LH 

39 

44 

45 

50 

ns 

Clock High, S 0 , Si = LL 

39 

44 

45 

50 

ns 

Clock High, S 0 , Si = HL 

44 

49 

53 

58 

ns 

MINIMUM SET-UP AND HOLD TIMES (All Times Relative to Clock LOW to HIGH Transition) 

From Input 

Set-up 

Hold 

Set-up 

Hold 


RE 

19 

4 

19 

5 

ns 

R; [6] 

10 

4 

12 

5 

ns 

Push/Pop 

25 

4 

27 

5 

ns 

FE 

25 

4 

27 

5 

ns 

Cn 

18 

4 

18 

5 

ns 

Dj 

25 

0 

25 

0 

ns 

ORi (CY2909A) 

25 

0 

25 

0 

ns 

So, Si 

25 

0 

29 

0 

ns 

ZERO 

25 

0 

29 

0 

ns 


Notes: 

5. Output Loading as in Figure lb. 6. Rj and Dj are internally connected on the CY291 1 A. Use R t set-up 

and hold times for Dj inputs. 

Switching Waveforms 


CLOCK 


(EXCEPT 


-MIN CLOCK HIGH- 


-MIN CLOCK LOW- 




,N Sb T ~XSSSSE)( 


SET-UP TO CLOCK- 


/ 


HOLD 

TIMES 




-INPUT TO OUTPUT- 
- CLOCK TO OUTPUT 


(Y .°c u ™) XZMXSSSMXSX ! 
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Ordering Information 


Ordering Code 

Package 

Type 

Operating 

Range 

CY2909APC 

P15 

Commercial 

CY2909ADC 

D16 


CY2909ALC 

L64 


CY2909ADMB 

D16 

Military 

CY2909ALMB 

L64 



CY2909A 

CY2911A 


Ordering Code 

Package 

Type 

Operating 

Range 

CY2911APC 

P5 

Commercial 

CY2911ADC 

D6 


CY2911ALC 

L61 


CY2911ADMB 

D6 

Military 

CY2911ALMB 

L61 
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CYPRESS 

SEMICONDUCTOR 


CY2909A 

CY2911A 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 


Parameters 

Subgroups 

VOH 

1,2,3 

VOL 

1,2,3 

VlH 

1,2,3 

Vil Max. 

1,2,3 

Iix 

1,2,3 

loz 

1,2,3 

los 

1,2,3 

Icc 

1,2,3 


Switching Characteristics 


Parameters 

Subgroups 

Minimum Clock Low Time 

7,8,9,10,11 

Minimum Clock High Time 

7,8,9,10,11 

MAXIMUM COMBINATIONAL 
PROPAGATION DELAYS 

Dj toY 

7,8,9,10,11 

Dj to Cn + 4 

7,8,9,10,11 

So, Si to Y 

7,8,9,10,11 

So, Si to Cn+4 

7,8,9,10,11 

ORi (CY2909A) to Y 

7,8,9,10,11 

ORj (CY2909A) to C N +4 

7,8,9,10,11 

Cn to Cn+4 

7,8,9,10,11 

ZERO to Cn +4 

7,8,9,10,11 

Clock High, S 0 , Si = LH 
to Y 

7,8,9,10,11 

Clock High, S 0 ,Si = LH 
to Cn +4 

7,8,9,10,11 

Clock High, So, Si = LL 
toY 

7,8,9,10,11 

Clock High, S 0 , Si = LL 
to Cn+4 

7,8,9,10,11 

Clock High, S 0 ,Si = HL 
toY 

7,8,9,10,11 

Clock High, S 0 , Si = HL 
to Cn + 4 

7,8,9,10,11 


Document # : 38-00009-B 


Parameters 

Subgroups 

MINIMUM SET-UP 

AND HOLD TIMES 

RE Set-up Time 

7,8,9,10,11 

RE Hold Time 

7,8,9,10,11 

Push/Pop Set-up Time 

7,8,9,10,11 

Push/Pop Hold Time 

7,8,9,10,11 

FE Set-up Time 

7,8,9,10,11 

FE Hold Time 

7,8,9,10,11 

Cn Set-up Time 

7,8,9,10,11 

Cn Hold Time 

7,8,9,10,11 

Di Set-up Time 

7,8,9,10,11 

D; Hold Time 

7,8,9,10,11 

OR; (CY2909A) 

Set-up Time 

7,8,9,10,11 

OR; (CY2909A) 

Hold Time 

7,8,9,10,11 

So, Si Set-up Time 

7,8,9,10,11 

So, Si Hold Time 

7,8,9,10,11 

ZERO Set-up Time 

7,8,9,10,11 

ZERO Hold Time 

7,8,9,10,11 
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CY2910A 


CYPRESS 
SEMICONDUCTOR 


CMOS Microprogram 
Controller 


Features 


• Fast 

— CY2910AC has a 50 ns (min.) 

clock cycle; commercial 
— CY2910AM has a 51 ns 
(min.) clock cycle; military 

• Low power 

— Ice (max.) = 170 mA 

• Vcc Margin 5V ± 10% 
commercial and military 

• Sixteen powerful 
microinstructions 

• Three output enable controls for 
three-way branch 

• Twelve-bit address word 

• Four sources for addresses: 
microprogram counter (MPC), 
branch address bus, 9-word 
stack, internal holding register 

• Internal 9-word by 12-bit stack 
The internal stack can be used 
for subroutine return address or 
data storage 


• 12-bit Internal loop counter 

• ESD protection 

Capable of withstanding over 
2000 volts static discharge 
voltage 

• Pin compatible and functional 
equivalent to Am2910A 

Functional Description 

The CY2910A is a stand-alone micro- 
program controller that selects, stores, 
retrieves, manipulates and tests ad- 
dresses that control the sequence of ex- 
ecution of instructions stored in an ex- 
ternal memory. All addresses are 12-bit 
binary values that designate an abso- 
lute memory location. 

The CY2910A, as illustrated in the 
block diagram, consists of a 9-word by 
12-bit LIFO (Last-In-First-Out) stack 
and SP (Stack Pointer), a 12-bit RC 
(Register/Counter), a 12-bit MPC (Mi- 
croprogram Counter) and incrementer, 
a 12-bit wide by 4-input multiplexer 


and the required data manipulation 
and control logic. 

The operation performed is determined 
by four input instruction lines (10-13) 
that in turn select the (internal) source 
of the next micro-instruction to be 
fetched. This address is output on the 
Y0-Y1 1 pins. T wo additional inputs 
(CC and CCEN) are provided that are 
examined during certain instructions 
and enable the user to make the execu- 
tion of the instruction either uncondi- 
tional or dependent upon an external 
test. 

The CY2910A is a pin compatible, 
functional equivalent, improved per- 
formance replacement for the 
Am2910A. 

The CY2910A is fabricated using an 
advanced 1.2 micron CMOS process 
that eliminates latchup, results in ESD 
protection of over 2000 volts and 
achieves superior performance and low 
power dissipation. 



'Us | 


Pin Configuration 



Top View 


Selection Guide 


Clock Cycle (Min.) inns 

Stack Depth 

Operating Range 

Part Number 

50 

9 words 

Commercial 

CY2910AC 

51 

9 words 

Military 

CY2910AM 
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CYPRESS 

SEMICONDUCTOR 


CY2910A 


Maximum Ratings 


(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature — 65° C to + 150°C 

Ambient Temperature with 


Static Discharge Voltage 


Power Applied — 55°C to + 125°C 

Supply Voltage to Ground Potential 

(Pin 10 to Pin 30) -0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State —0.5V to + 7.0V 

DC Input Voltage — 3.0V to + 7.0V 

Output Current into Outputs (Low) 30 mA 


> 2001V 

(Per MIL-STD-883 Method 3015) 

Latchup Current (Outputs) > 200 mA 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to 4- 70°C 

5V + 10% 

Military [51 

— 55°Cto + 125°C 

5V ± 10% 


Electrical Characteristics Over Commercial and Military Operating Range M 
V C c Min. = 4.5V, V C c Max. = 5.5V 


Parameter 

Description 

Test Condition 

Min. 

Max. 

Units 

VoH 

Output HIGH Voltage 

Vcc — Min., Ioh — — 1.6 mA 

2.4 


V 

VoL 

Output LOW Voltage 

Vcc = Min., Iol = 8 mA 


0.5 

V 

VlH 

Input HIGH Voltage 


2.0 

Vcc 

V 

VlL 

Input LOW Voltage 


-3.0 

0.8 

V 

IlH 

Input HIGH Current 

Vcc = Max., Vin = Vcc 


10 

ju,A 

IlL 

Input LOW Current 

Vcc = Max., Vin = GND 


-10 

ju.A 

lOH 

Output HIGH Current 

Vcc = Min., VlH = 2.4V 

-1.6 


mA 

lOL 

Output LOW Current 

Vcc = Min., Vol = 0.5V 

8 


mA 

loz 

Output Leakage Current 

Vcc = Max., 

VoUT = GND/Vcc 

-40 

+ 40 

jnA 

ju-A 

isc 

Output Short Circuit Current 

Vcc = Max., VouT = 0V 


-85 

mA 

Icc 

Supply Current 

Vcc = Max. 


170 

mA 


Capacitance^ 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Cin 

Input Capacitance 

T a = 25°C, f = 1 MHz 

V CC = 5.0V 

8 

pF 

COUT 

Output Capacitance 

10 

pF 


Notes: 


1. Not more than one output should be tested at a time. Duration of the 3. Ta is the “instant on” case temperature. 

short circuit should not exceed one second. 4 See the last page of this specification for Group A subgroup testing 

2. Tested initially and after any design or process changes that may information, 

affect these parameters. 


Output Load for AC Performance 
Characteristics 


All Outputs 

+5 V 



Notes: - 0040-4 

Cl = 50 pF includes scope probe, writing and stray capacitance. 
Cl = 5 pF for output disable tests. 


Switching Waveforms 


3.0V 

INPUTS 

0V 

3.0V 

CLOCK 

ov 


OUTPUTS 


> 

(15V ^,.5V 

~\ 


■» SETUP TIME »|« »| HOLD TIME 

'f- 1.5V 

— CLOCK TO OUT 

\ ^ 


INPUT TO 
OUTPUT -H 
DELAY 

PUT DELAY ~*\ 


> 

( 1.5 V 


0040-5 














































































CY2910A 


Guaranteed AC Performance Characteristics 

The tables below specify the guaranteed AC performance The inputs switch between OV and 3V with signal tran- 

of the CY2910A over the commercial (0°C to + 70° C) and sition rates of 1 Volt per nanosecond. All outputs have 

the military ( — 55°C to + 125°C) temperature ranges with maximum DC current loads. 

Vcc varying from 4.5V to 5.5V. All times are in nanosec- 
onds and are measured between the 1.5V signal levels. 

Clock Requirements t 1 * 



Commercial 

Military 

Minimum Clock LOW 

20 

25 

Minimum Clock HIGH 

20 

25 

Minimum Clock Period I = 14 

50 

51 

Minimum Clock Period 

I = 8,9, 15 (Note 2) 

50 

50 


Combinational Propagation Delays. Cl = 50 pFW 


To Output 

Commercial 

Military 








From Input 

Y 

PL, VECT, MAP 

FULL 

Y 

PL, VECT, MAP 

FULL 

D0-D11 

11 

— 


25 

— 


10-13 

11 

30 


40 

35 

■ 

CC 

30 

— 

1 

36 

— 

1 

CCEN 

30 

— 

B 

36 

— 

B 


40 

— 

31 

1 

— 

35 

CP 

All Other I 

40 

— 

31 

46 

— 

35 

OE 




25 



(Note 3) 




30 




Minimum Set-up and Hold Times Relative to clock LOW to HIGH Transition. Cl = 50 pF^ 



Commercial 

Military 

Input 

Set-up 

Hold 

Set-up 

Hold 

u 

t 

HH 

Q 

16 

0 

16 

0 

DI — ► MPC 

30 

0 

30 

0 

10-13 

35 

0 

38 

0 

CC 

24 

0 

35 

0 

CCEN 

24 

0 

35 

0 

Cl 

18 

0 

18 

0 

RLD 

19 

0 

20 

0 


Notes: 

1. A dash indicates that a propagation delay path or set-up time does not 
exist. 

2. These instructions are dependent upon the register/counter. Use the 
shorter delay times if the previous instruction either does not change 
the register/counter or could only decrement it. Us e the l onger delay 
if the instruction prior to the clock was 4 or 12 or if RLD was LOW. 


3. The enable/disable times are measured to a 0.5 Volt change on the 
output voltage level with Cl = 5 pF. 

4. See the last page of this specification for Group A subgroup testing 
information. 
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CY2910A 


Table of Instructions 





REG/ 

RESULT 

I 3 -I 0 

MNEMONIC 

NAME 

CNTR 

FAIL 

PASS 

REG/ 


CON- 

CCEN = L and CC = H 

CCEN = H or CC = L 

ENABLE 




TENTS 

Y 

STACK 

Y 

STACK 

CNTR 


0 

JZ 

Jump Zero 

X 

0 

Clear 

0 

Clear 

Hold 

PL 

1 

CJS 

Cond JSB PL 

X 

PC 

Hold 

D 

Push 

Hold 

PL 

2 

JMAP 

Jump Map 

X 

D 

Hold 

D 

Hold 

Hold 

Map 

mm 

CJP 

Cond Jump PL 

X 

PC 

Hold 

D 

Hold 

Hold 

PL 

4 

PUSH 

Push/Cond LD CNTR 

X 

PC 

Push 

PC 

Push 

(Note 1) 

PL 

5 

JSRP 

Cond JSB R/PL 

X 

R 

Push 

D 

Push 

Hold 

PL 

6 

CJV 

Cond Jump Vector 

X 

PC 

Hold 

D 

Hold 

Hold 

Vect 

7 

JRP 

Cond Jump R/PL 

X 

R 

Hold 

D 

Hold 

Hold 

PL 

8 

RFCT 

Repeat Loop, 

=/=0 

F 

Hold 

F 

Hold 

Dec 

PL 

CNTR ¥= 0 

= 0 

PC 

POP 

PC 

Pop 

Hold 

PL 

9 

RPCT 

Repeat PL, 

^0 

D 

Hold 

D 

Hold 

Dec 

PL 

CNTR /= 0 

= 0 

PC 

Hold 

PC 

Hold 

Hold 

PL 

mm 

CRTN 

Cond RTN 

X 

PC 

Hold 

F 

Pop 

Hold 

PL 

mm 

CJPP 

Cond Jump PL & Pop 

X 

PC 

Hold 

D 

Pop 

Hold 

PL 

mm 

LDCT 

LD Cntr & Continue 

X 

PC 

Hold 

PC 

Hold 

Load 

PL 

mm 

LOOP 

Test End Loop 

X 

F 

Hold 

PC 

Pop 

Hold 

PL 

mm 

CONT 

Continue 

X 

PC 

Hold 

PC 

Hold 

Hold 

PL 

15 

TWB 

Three-Way Branch 

=zo 

F 

Hold 

PC 

Pop 

Dec 

PL 

= 0 

D 

Pop 

PC 

Pop 

Hold 

PL 


Notes: 

1. If CCEN = L and CC = H, hold; else load. H = HIGH L = LOW X = Don’t Care 


Ordering Information 


Clock 

Cycle 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

50 

CY2910ADC 

D18 

Commercial 

CY2910AJC 

J67 

CY2910ALC 

L67 

CY2910APC 

P17 

51 

CY2910ADMB 

D18 

Military 

CY2910ALMB 

L67 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 


Parameters 

Subgroups 

VOH 

1,2,3 

VOL 

1,2,3 

VlH 

1,2,3 

Vil Max. 

1,2,3 

IlH 

1,2,3 

IlL 

1,2,3 

lOH 

1,2,3 

lOL 

1,2,3 

loz 

1,2,3 

isc 

1,2,3 

Icc 

1,2,3 


Clock Requirements 


Parameters 

Subgroups 

Minimum Clock LOW 

7,8,9,10,11 


Minimum Set-up and Hold Times 


Parameters 

Subgroups 

DI — > RC Set-up Time 

7,8,9,10,11 

DI — ► RC Hold Time 

7,8,9,10,11 

DI — * MPC Set-up Time 

7,8,9,10,11 

DI — > MPC Hold Time 

7,8,9,10,11 

10-13 Set-up Time 

7,8,9,10,11 

10-13 Hold Time 

7,8,9,10,11 

CC Set-up Time 

7,8,9,10,11 

CC Hold Time 

7,8,9,10,11 

CCEN Set-up Time 

7,8,9,10,11 

CCEN Hold Time 

7,8,9,10,11 

Cl Set-up Time 

7,8,9,10,11 

Cl Hold Time 

7,8,9,10,11 

RLD Set-up Time 

7,8,9,10,11 

RLD Hold Time 

7,8,9,10,11 


Combinational Propagation Delays 


Parameters 

Subgroups 

From D0-D1 1 to Y 

7,8,9,10,11 

From 10-13 to Y 

7,8,9,10,11 

From 10-13 to PL, VECT, MAP 

7,8,9,10,11 

From CC to Y 

7,8,9,10,11 

From CCEN to Y 

7,8,9,10,11 

From CP (I = 8, 9, 15) to FULL 

7,8,9,10,11 

From CP (All Other I) to Y 

7,8,9,10,11 

From CP (All Other I) to FULL 

7,8,9,10,11 


Document #: 38-OOOlO-B 







CY7C510 



Features 

• Fast 

— CY7C510-45 has a 45 ns 
(max.) clock cycle 
(commercial) 

— CY7C510-55 has a 55 ns 
(max.) clock cycle (military) 

• Low Power 

— Icc (max. at 10 MHz) = 

100 mA (commercial) 

— Icc (max. at 10 MHz) 

110 mA (military) 

• Vcc Margin 
— 5V ± 10% 

— All parameters guaranteed 
oyer commercial and military 
operating temperature range 

• 16 X 16 bit parallel 
multiplication with accumulation 
to 35-bit result 


• Two’s complement or unsigned 
magnitude operation 

• ESD Protection 

— Capable of withstanding 
greater than 2000V static 
discharge voltage 

• Pin compatible and functionally 
equivalent to Am29510 and 
TMC2110 

Functional Description 

The CY7C510 is a high-speed 16 X 16 
parallel multiplier accumulator which 
operates at 45 ns clocked multiply ac- 
cumulate (MAC) time (22 MHz multi- 
ply accumulate rate). The operands 
may be specified as either two’s com- 
plement or unsigned magnitude 16-bit 
numbers. The accumulator functions 


include loading the accumulator with 
the current product, adding or sub- 
tracting the accumulator contents and 
the current product, or preloading the 
accumulator from the external world. 


All inputs (data and instructions) and 
outputs are registered. These indepen- 
dently clocked registers are positive 
edge triggered D-type flip-flops. The 
35-bit accumulator/output register is 
divided into a 3-bit extended product 
(XTP), a 16-bit most significant prod- 
uct (MSP), and a 16-bit least signifi- 
cant product (LSP). The XTP and 
MSP have dedicated ports for three- 
state output; the LSP is multiplexed 
with the Y-input. The 35-bit accumula- 
tor/output register may be preloaded 
through the bidirectional output ports. 




Selection Guide 


Maximum Multiply- 

Commercial 

Accumulate Time (ns) 

Military 


7C510-45 

7C510-55 

7C510-65 

7C510-75 

45 

55 

65 

75 


55 

65 

75 
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Maximum Ratings 

(Above which the useful life may be impaired. For user 
guidelines, not tested.) 

Ambient Temperature Under Bias .... — 55°C to + 125°C 

Supply Voltage to Ground Potential —0.5V to + 7.0V 

DC Input Voltage —0.5V to + 7.0V 

DC Voltage Applied to Outputs —0.5V to Vcc Max. 

Output Current, into Outputs (low) 10 mA 

Static Discharge Voltage > 2001V 

(per MIL-STD-883 Method 3015) 

Pin Configurations 


CY7C510 


Operating Range 


Range 

Temperature 

Vcc 

Commercial 

0°C to +70°C 

5V ± 10% 

Military! 1 ! 

-55° to +125°C 

5V ± 10% 


Note: 

1. Ta is the “instant on” case temperature. 


X 6 C 

1 



64 

□ x 7 

X 5 C 

2 

63 

□ x 8 

X 4 C 

3 

62 

□ x 9 

X 3 C 

4 

61 

^ X 10 

X 2 C 

5 

60 

□ X,1 

X,C 

6 

59 

□ X, 2 

X 0 C 

7 

58 

3 x 13 

Yo.P 0 C 

8 

57 

□ x 14 

YfPtC 

9 

56 

^ X 15 

Y 2 ,P 2 C 

10 

55 

□ 0EL 

Y 3 .P 3 C 

11 

54 

□ RND 

Y 4 .P 4 C 

12 

53 

□ SUB 

Y 5 .P 5 C 

13 

52 

□ ACC 

Y 6 . P 6C 

14 

51 

□ CLKX 

Y 7 .P 7 C 

15 

50 

□ CLKY 

GND C 

16 

49 

^ V CC 

y 8 , p 8 C 

17 

48 

□ TC 

y 9 ,p 9 C 

18 

47 

□ 0EX 

WlO C 

19 

46 

□ PREL 

Y 11 .P 11 c 

20 

45 

□ OEM 

Y 12* P 12 C 

21 

44 

□ CLKP 

Yl3. P t3C 

22 

43 

□ p 34 

Y U. p uC 

23 

42 

□ P 33 

Yl 5 . p 1 5 C 

24 

41 

H p 32 

P 1 6 C 

25 

40 

□ p 31 

P 17 C 

26 

39 

□ p 30 

P t8 

27 

38 

□ p 29 

P 19 ^ 

28 

37 

□ p 28 

P 20 

29 

36 

□ P 27 

P 21 *“ 

30 

35 

□ p 26 

P 22 C 

31 

34 

□ p 25 

P 23 ^ 

32 

33 

□ P 2 4 


J 2 2 - e >-?>-: 

x”x’->r>r > ? ) ? > >S' >?>?>? x 1 >?x >f o?oT 



p 2 .y 2 

P4.Y4 

P5.Y5 

p 6 .y 6 

P7.Y7 

GND 

GND 

p 8 .y 8 

p 9 .y 9 

P 10.Yl0 

Ptl.Yll 

P 12 ,y 12 

Pis.Yis 

P14.Y14 

P 15- Y 15 

PlK 
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Pin Definitions 


Signal 

Name 

I/O 

Description 

X 15 -O 

I 

X-Input Data. This 16-bit number may be 
interpreted as two’s complement or 
unsigned magnitude. 

Yl5-0 

(P 15-0) 

I/O 

Y-Input Data/LSP Output Data. When 
this port is used to input a Y value, the 
16-bit number may be interpreted as two’s 
complement or unsigned magnitude. This 
bidirectional port is multiplexed with the 
LSP output (P 15 - 0 ), and can also be used 
to preload the LSP register. 

P34-32 

I/O 

Extended Product (XTP) Output Data. 

This port is bidirectional. The extended 
product emerges through this port. The 
XTP register may also be preloaded 
through this port. 

P31-16 

I/O 

MSP Output Data. This port is 
bidirectional. The most significant 
product emerges through this port. The 
MSP register may also be preloaded 
through this port. 

Pl5-0 

I/O 

LSP Output Data. This port is 
bidirectional. The least significant 
product emerges through this port. The 

LSP register may also be preloaded 
through this port. 

CLKX 

I 

X-Register Clock. X-Input Data are 
latched into the X-register at the rising 
edge of CLKX. 

CLKY 

I 

Y-Register Clock. Y-Input Data are 
latched into the Y-register at the rising 
edge of CLKY. 

CLKP 

I 

Product Register Clock. XTP, MSP, and 
LSP are latched into their respective 
registers at the rising edge of CLKP. If 
preload is selected, these registers are 
loaded with the preload data at the output 
pins via the bidirectional ports. If preload 
is not selected, these registers are loaded 
with the current accumulated product. 

OEX 

I 

Output Enable Extended. When LOW, 
the extended product bidirectional port is 
enabled for output. When HIGH, the 
outputs drivers are disabled (high 
impedance) and the XTP port may be 
used for preloading. See Preload Function 
Table. 

OEM 

I 

Output Enable Most. When LOW, the 

MSP bidirectional port is enabled for 
output. When HIGH, the output drivers 
are disabled (high impedance) and the 

MSP port may be used for preloading. See 
Preload Function Table. 


Signal 

Name 

I/O 

Description 

OEL 

I 

Output Enable Least. When LOW, the 

LSP bidirectional port is enabled for 
output. When HIGH, the output drivers 
are disabled (high impedance) and the 

MSP port may be used for preloading. See 
Preload Function Table. 

PREL 


Preload. When HIGH, the three 
bidirectional ports may be used to preload 
data into the accumulator register at the 
rising edge of CLKP. The three-state 
controls (OEX, OEM, OEL) must be 

HIGH to preload data. 

When LOW, the accumulated product is 
loaded into the accumulator/output 
register at the rising edge of CLKP. The 
output drivers must be enabled (OEX, 

OEM, OEL must be LOW) for the 
accumulated product to be output. 
Ordinarily, PREL, OEX, OEM, and OEL 
are tied together. See accumulator 
function table. 

TC 

I 

Two’s Complement Control. When 

HIGH, the 7C510 is in two’s complement 
mode, where the input and output data 
are interpreted as two’s complement 
numbers. The device is in unsigned 
magnitude mode when TC is LOW. This 
control is loaded into the instruction 
register at the rising edge of CLKX + 
CLKY. 

RND 

I 

Round Control. When HIGH, rounding 
is enabled and a “1” is added to the MSB 
of the LSB (P 15 ). When LOW, the 
product is unchanged. This control is 
loaded into the instruction register at the 
rising edge of CLKX + CLKY. 

ACC 

I 

Accumulate Control. When HIGH, the 
accumulator/output register contents are 
added to or subtracted from the current 
product (XY) and this result is stored 
back into the accumulator/output 
register. When LOW, the product is 
loaded into the accumulator register, 
overwriting the current contents. This 
control is loaded into the instruction 
register at the rising edge of CLKX + 
CLKY. See accumulator function table. 

SUB 

I 

Subtract Control. When both ACC and 

SUB are HIGH, the accumulator register 
contents are subtracted from the current 
product XY and this result is written back 
into the accumulator register. When ACC 
is HIGH and SUB is LOW, the 
accumulator register contents and current 
product are summed, then written back to 
the accumulator register. This control is 
loaded into the instruction register at the 
rising edge of CLKX + CLKY. See 
accumulator function table. 
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Functional Description 

The CY7C510 is a high-speed 16 X 16-bit multiplier accu- 
mulator (MAC). It comprises a 16-bit parallel multiplier 
followed by a 35-bit accumulator. All inputs (data and in- 
structions) and outputs are registered. The 7C510 is divid- 
ed into four sections: the input section, the 16X16 asyn- 
chronous multiplier array, the accumulator, and the out- 
put/preload section. 

The input section has two 16-bit operand input registers for 
the X and Y operands, clocked by the rising edge of CLKX 
and CLKY, respectively. The four-bit instruction register 
(TC, RND, ACC, SUB) is clocked by the rising edge of the 
logical OR of CLKX, CLKY. 

The 16 X 16 asynchronous multiplier array produces the 
32-bit product of the input operands. Either two’s comple- 
ment or unsigned magnitude operation is selected, based on 
control TC. If rounding is selected, (RND = 1), a “1” is 
added to the MSB of the LSP (position Pi 5 ). The 32-bit 
product is zero-filled or sign-extended as appropriate and 
passed as a 35-bit number to the accumulator section. 

The accumulator function is controlled by ACC, SUB, and 
PREL. Four functions may be selected: the accumulator 
may be loaded with the current product; the product may 
be added to the accumulator contents; the accumulator 
contents may be subtracted from the current product; or 
the accumulator may be preloaded from the bidirectional 
ports. 

The output/preload section contains the accumulator/out- 
put register and the bidirecti onal ports. T his se ction is con- 
trolled by the signals PREL, OEX, OEM, and OEL. When 
PREL is HIGH, the out put buffers ar e in high i mpedance 
state. When the controls OEX, OEM, and OEL are also 
high, data present at the output pins will be preloaded into 
the appropriate accumulator register at t he rising edge of 
CLK P. When PREL is LOW, the signals OEX, OEM, and 
OEL are enable controls for their respective three-state 
output ports. 


Preload Function Table 


PREL 

OEX 

OEM 

OEL 

Output Register 

XTP 

MSP 

LSP 

0 

0 

0 

0 

Q 

Q 

Q 

0 

0 

0 

1 

Q 

Q 

Z 

0 

0 

1 

0 

Q 

z 

Q 

0 

0 

1 

1 

Q 

z 

z 

0 

1 

0 

0 

z 

Q 

Q 

0 

1 

0 

1 

z 

Q 

z 

0 

1 

1 

0 

z 

z 

Q 

0 

1 

1 

1 

z 

z 

z 

1 

0 

0 

0 

z 

z 

z 

1 

0 

0 

1 

z 

z 

PL 

1 

0 

1 

0 

z 

PL 

Z 

1 

0 

1 

1 

z 

PL 

PL 

1 

1 

0 

0 

PL 

z 

Z 

1 

1 

0 

1 

PL 

Z 

PL 

1 

1 

1 

0 

PL 

PL 

Z 

1 

1 

1 

1 

PL 

PL 

PL 


Z = Output buffers at High impedance (disabled.) 

Q = Output buffers at Low impedance. Contents of output register 
available through output ports. 

PL = Output disabled. Preload data supplied to the output pins will be 
loaded into the output register at the rising edge of CLKP. 


Accumulator Function Table 


PREL 

ACC 

SUB 

P 

OPERATION 

L 

L 

X 

Q 

Load 

L 

H 

L 

Q 

Add 

L 

H 

H 

Q 

Subtract 

H 

X 

X 

PL 

Preload 





-20 2-1 2' 2 2-3 2-4 2' 5 2-6 2‘ 7 2‘ 8 2' 9 2 - 1 ° 2" 1 1 2-> 2 2-13 2' 14 2-15 -20 2-1 2' 2 2*3 2-4 2-5 2' 6 2' 7 2-8 2' 9 2 - 1 ° 2 -H 2-12 2-13 2-14 2-15 

(Sign) (Sign) 


Integer Two’s Complement Input 

Xin Yen 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

.215 214 213 212 2H 2l° 2 9 2 8 2 7 2 6 2 5 2 4 2 3 2 2 21 2° -215 2 14 2 13 2 12 2 J 1 2l° 2 9 2 8 2 7 2 6 2 5 2 4 2 3 2 2 2l 2° 

(Sign) (Sign) 


Unsigned Fractional Input 

Xin Yin 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

2-1 2- 2 2*3 2-4 2-5 2‘ 6 2‘ 7 2' 8 2‘ 9 2 - 10 2-1 1 2 ‘ 1 2 2-13 2 - 14 2-15 2-16 2‘1 2‘ 2 2-3 2-4 2-5 2' 6 2' 7 2‘ 8 2' 9 2-10 2-11 2-12 2-13 2 - 142-15 2-16 


Unsigned Integer Input 

Xin Yin 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

215 214 213 212 2 H 2 l ° 2 9 2 8 2 7 26 2 5 2 4 2 3 2 2 2 l 2 ° 2*5 214 213 2> 2 2 H 210 2 9 2 8 2 7 26 2 5 2 4 2 3 2 2 21 2 ° 


CY7C510 

Output Formats 

Two’s Complement Fractional Output 

XTP MSP LSP 


34 33 32 

1 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

11 

15 14 13 12 11 10 9 

8 7 

6 

5 4 3 

2 1 0 


-2 4 2 3 2 2 2 l 2 ° 2-1 2-2 2" 3 2~ 4 2‘ 5 2-6 2 - 7 2' 8 2' 9 2 ' 10 2-H 2' 12 2-13 2-14 2-15 2-16 2-17 2- J8 2 - 1 9 2-20 2-21 2-22 2-23 2-24 2-25 2-26 2-27 2-28 2-29 2-30 
(Sign) 

Two’s Complement Integer Output 

XTP MSP LSP 

34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

.234 233 232 231 230 229 228 227 2 2 6 2 25 2 24 2 2 3 2 22 2 21 2 20 2 19 2l 8 217 2 !6 2> 5 2 H 2 13 2 12 2 11 2 10 2 9 2 8 2 7 2 6 2 5 2 4 2 3 2 2 2l 2° 

(Sign) 

Unsigned Fractional Output 

XTP MSP LSP 

34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

22 2l 20 2-1 2-2 2-3 2-4 2-5 2-6 2' 7 2' 8 2' 9 2-10 2-11 2-12 2-13 2-14 2-15 2-16 2 -I 7 2-1 8 2’1 9 2‘20 2-21 2-22 2-23 2-24 2-25 2-26 2-27 2-28 2-29 2-30 2-31 2-32 

Unsigned Integer Output 

XTP MSP LSP 

34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

234 2 33 232 231 230 229 228 227 226 225 224 223 222 221 220 219 2I 8 217 216 215 214 213 212 2*1 210 2 9 2 8 2 7 26 2 3 2 4 23 2 2 2l 2 ° 
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Electrical Characteristics Over Operating Ranged 


Parameters 

Description 

Test Conditions 

Min. 

Max. 

Units 

VOH 

Output HIGH Voltage 

Vcc = Min., Ioh = — 0.4 mA 



V 

VOL 

Output LOW Voltage 

Vcc = Min., Iol = 4.0 mA 


0.4 

V 

VlH 

Input HIGH Voltage 


2.0 


V 

VlL 

Input LOW Voltage 



0.8 

V 

lOH 

Output HIGH Current 

V C c = Min., Voh = 2.4V 

-0.4 


mA 

lOL 

Output LOW Current 

Vcc = Min., Vol = 0.4V 

4.0 


mA 

Iix 

Input Leakage Current 

GND ^ Vi ^ V C c 

-10 

+ 10 

fj, A 

II 

Input Current, Max. Input Voltage 

Vcc = Max., Vin = 7.0V 


10 

mA 

Ios^ 

Output Short Circuit Current 

Vcc = Max., Vout = 0.5V 

-3 

-30 

mA 

l0ZL 

Output OFF (Hi-Z) Current 

Vcc = Max., OE = 2.0V 


-25 

jaA 

lOZH 

Output OFF (Hi-Z) Current 

Vcc = Max., OE = 2.0V 

25 


jaA 

Icc (Ql) [2] 

Supply Current (Quiescent) 

Vcc = Max., 

Vin = [GND to Vil) or [Vm to Vcd 


30 

mA 

I CC (Q2)[2] 

Supply Current (Quiescent) 

Vcc = Max 

Vcc ^ Vin ^ 3.85V 
0.4V :> Vin ^ GND 

Commercial 


20 

mA 

Military 


25 

Icc (Max.)[2] 

Supply Current 

Commercial 

Vcc = Max., fcLK = 10 MHz 


100 

mA 

Military 


110 


Capacitance t 3 ] 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Qn 

Input Capacitance 

T A = 25°C, f = 1 MHz 

8 

pF 

CoUT 

Output Capacitance 

V CC = 5.0V 

10 


Votes: 


I, Not more than one output should be tested at a time. Duration of the 
short circuit should not be more than one second. 

1. For Ice measurements, the outputs are three-stated. Two quiescent 
figures are given for different input voltage ranges. To calculate Ice 
any given clock frequency, use 30 mA + Ice (A.C.), where Ice 
(A.C.) = (7 mA/MHz) X Clock Frequency for the Commercial tem- 
perature range. Ice (A.C.) = (8 mA/MHz) X Clock Frequency for 
Military temperature range. 


3. Tested initially and after any design or process changes that may 
affect these parameters. 

4. See the last page of this specification for Group A subgroup testing 
information. 


Output Loads Used for A.C. Performance Characteristics 

Normal Load (Load 1) Three-State Delay Load (Load 2) 



iquivalent to: THEVENIN EQUIVALENT 


455.fi, 


OUTPUT 


2.22V 


0057-6 
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Switching Characteristics Over Operating Ranged 



Description 


Multiply Accumulate Time 


Setup Time 


Hold Time 


Clock Pulse Width 


Output Clock to P 


Output Clock to Y 


OEX , OEM to P; 

OEL to Y (Disable Time) I LOW to Z 


OEX , OEM to P; Z to HIGH 

OEL to Y (Enable Time) z to LOW 


Relative Hold Time 


7C510-65 


Min. Max. Min. Max. Min. Max. Min. Max. 



Test Waveforms 


TEST Vj< I OUTPUT WAVEFORM - MEASUREMENT LEVEL 



Setup and Hold Time Pulse Width 



0057-8 

Notes: 

1. Diagram shown for HIGH data only. Output transition may be oppo- 3. See the last page of this specification for Group A subgroup testing 

site sense. information. 

2. Cross hatched area is don’t care condition. 
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CY7C510 Timing Diagram 


CY7C510 


CLKX 

CLKY 


/ 


X|K|. Y| N 

«« mw c 


ACC, SUB 


CLKP 


OUTPUT 


V 




/ 


/ 


ipDP 

r PDY 


mxxmmxxmxmxxmxmxmxy 

Preload Timing Diagram 




Three-State Timing Diagram 


3-STATE 

CONTROL i 


t 


t PHZ— ► 

(DISABLE) 

(HIGH LEVEL) 

3-STATE 

OUTPUT 

5 

7 

(LOW LEVEL) 

« *PLZ — ► 


(DISABLE) 


0057-11 


VqH-0-5V 

(HIGH IMPEDANCE) 
V ol +0.5V 


\= 

- — Vzh— H 

(ENABLE) I 


VzL — *■ 

(ENABLE) 


V OH 
1.5 V 


1.5 V 
Voi 


0057-12 
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NORMALIZED FREQUENCY NORMALIZED I 


CY7C510 



Typical AC and DC Characteristics 


NORMALIZED SUPPLY CURRENT NORMALIZED SUPPLY CURRENT OUTPUT SOURCE CURRENT 

vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE vs. OUTPUT VOLTAGE 



4.0 4.5 5.0 5.5 6.0 -55 25 125 0 0.8 1.6 2.4 3.2 

SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) OUTPUT VOLTAGE (V) 


NORMALIZED FREQUENCY NORMALIZED FREQUENCY OUTPUT SINK CURRENT 

vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE vs. OUTPUT VOLTAGE 



SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) OUTPUT VOLTAGE(V) 


NORMALIZED OUTPUT DELAY NORMALIZED I C c 

vs. OUTPUT LOADING vs. FREQUENCY 



CAPACITANCE (pF) FREQUENCY (MHz) 


6-28 









CYPRESS 

SEMICONDUCTOR 


CY7C510 


Ordering Information 


Speed (ns) 

Ordering Code 

Package Type 

Operating Range 

45 

CY7C5 10-45 PC 

P29 

Commercial 


CY7C5 10-45 LC 

L81 



CY7C5 10-45 JC 

J81 



CY7C5 10-45 DC 

D30 



CY7C5 10-45 GC 

G68 


55 

CY7C5 10-55 PC 

P29 

Commercial 


CY7C510-55 LC 

L81 



CY7C5 10-55 JC 

J81 



CY7C5 10-55 DC 

D30 



CY7C5 10-55 GC 

G68 



CY7C5 10-55 LMB 

L81 

Military 


CY7C5 10-55 DMB 

D30 



CY7C5 10-55 GMB 

G68 


65 

CY7C5 10-65 PC 

P29 

Commercial 


CY7C5 10-65 LC 

L81 



CY7C5 10-65 JC 

J81 



CY7C5 10-65 DC 

D30 



CY7C5 10-65 GC 

G68 



CY7C5 10-65 LMB 

L81 

Military 


CY7C5 10-65 DMB 

D30 



CY7C5 10-65 GMB 

G68 


75 

CY7C5 10-75 PC 

P29 

Commercial 


CY7C5 10-75 LC 

L81 



CY7C5 10-75 JC 

J81 



CY7C5 10-75 DC 

D30 



CY7C5 10-75 GC 

G68 



CY7C5 10-75 LMB 

L81 

Military 


CY7C5 10-75 DMB 

D30 



CY7C5 10-75 GMB 

G68 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 


Parameters 

Subgroups 

VoH 

1,2,3 

VOL 

1,2,3 

VlH 

1,2,3 

VlL 

1,2,3 

lOH 

1,2,3 

lOL 

1,2,3 

Iix 

1,2,3 

II 

1,2,3 

los 

1,2,3 

l0ZL 

1,2,3 

l0ZH 

1,2,3 


Parameters 

Subgroups 

icc(Ql) 

1,2,3 

icc(Q2) 

1,2,3 

Ice (Max.) 

1,2,3 


Switching Characteristics 


Parameters 

Subgroups 

tMA 

7,8,9,10,11 

ts 

7,8,9,10,11 

tH 

7,8,9,10,11 

tpw 

7,8,9,10,11 

tPDP 

7,8,9,10,11 

tPDY 

7,8,9,10,11 

tPHZ 

7,8,9,10,11 

tPLZ 

7,8,9,10,11 

tpZH 

7,8,9,10,11 

tpZL 

7,8,9,10,11 

tHCL 

7,8,9,10,11 


Document #: 38-000 14-B 
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''js CYPRESS 

>F SEMICONDUCTOR 16x16 Multipliers 


Features 

• Fast 

— 38 ns clock cycle 
(commercial) 

— 42 ns clock cycle (military) 

• Low Power 

— Ice (max. at 10 MHz) = 

100 mA (commercial) 

— Ice (max. at 10 MHz) 

1 1 0 mA (military) 

• Vcc Margin 

— 5V ± 10% 

— All parameters guaranteed 
over commercial and military 
operating temperature range 

• 16 x 16 bit parallel 

multiplication with full precision 

32-bit product output 


• Two’s complement, unsigned 
magnitude, or mixed mode 
multiplication 

• CY7C516 pin compatible and 
functionally equivalent to 
Am29516, MPY016K, 

MPY016H 

• CY7C517 pin compatible and 
functionally equivalent to 
Am29517 

Functional Description 

The CY7C516/517 are high-speed 16 x 
16 parallel multipliers which operate at 
38 ns clocked multiply times (26 MHz 
multiplication rate). The two input op- 
erands may be independently specified 


as either two’s complement or unsigned 
magnitude numbers. Controls are pro- 
vided for rounding and format adjust- 
ment of the full precision 32-bit prod- 
uct. 

On the 7C516, individually clocked in- 
put and output registers are provided 
to maximize throughput and to simpli- 
fy bus interfacing. On the 7C5 17, a sin- 
gle clock (CLK) is provided, along 
with three register enables. This facili- 
tates the use of the 7C5 17 in micropro- 
grammed systems. The input and out- 
put registers are positive edge triggered 
D-type flip-flops. The output register 
may be made transparent for asynchro- 
nous output. 



Selection Guide 




7C516-38 

7C517-38 

7C516-42 

7C517-42 

7C516-45 

7C517-45 

7C516-55 

7C517-55 

7C516-75 

7C517-75 

Maximum Multiply Time (ns) 

Commercial 

38/58 


45/65 

55/75 

75/100 

Clocked /Unclocked 

Military 


42/65 


55/75 

75/100 


6-31 





























CYPRESS 

SEMICONDUCTOR 


CY7C516 

CY7C517 


Functional Description (Continued) 

Two output modes may be sele cted by u sing the o utput 
multiplexer control, MSPSEL. Holding MSPSEL LOW 
causes the most significant product (MSP) to be available 
at the dedicated output port. The LSP is simultaneously 
available at the bidirectional port shared with the Y-inputs. 

Pin Configurations 


The other mode of output involves toggling of the 
MSPSEL control, allowing both the MSP and LSP to be 
available for output through the dedicated 16-bit output 
port. 






X 4 C 

1 


64 


2 


63 

X 2 C 

3 


62 

X,C 

4 


61 

x 0 C 

5 


60 

OEL C 

6 


59 

(CLK) CLK L C 

7 


58 

(ENY) CLKY C 

8 


57 

V p oC 

9 


56 

Yl.PlC 

10 


55 

y 2 ,p 2 c 

11 


54 

X 3 .P 3 C 

12 


53 

y 4 ,p 4 C 

13 


52 

Y 5 . p 5 l= 

14 


51 

v 6 .p 6 c: 

15 


50 

V 7 , p 7 [= 

16 

7C516 

49 

Y 8 . p 8 t= 

17 

(7C517) 

48 

Y 9 ,P 9 C 

18 


47 

Y 1 0 . P 10<= 

19 


46 

Yi,. p n C 

20 


45 

Yi 2 ,Pi 2 C 

21 


44 

Y 13‘ P 13 C 

22 


43 

Y14.P14C: 

23 


42 

Y 15> P 15 C 

24 


41 

p o- p i 6 I= 

25 


40 

P 1 ’ P 1 7 C 

26 


39 

P 2' P 18 C 

27 


38 

P 3- P 19C 

28 


37 

P 4> P 20 C 

29 


36 

P 5* P 21 C 

30 


35 

P 6> P 22 C 

31 


34 

p 7> P 23 C 

32 


33 


'5 

Dx 6 
PX 7 
px 8 
□ x 9 

px,0 
*11 
<12 
*13 
*14 
*15 


*CC 

^CC 


30> r 1 4 
^'PlS 
3 28' P 12 
3 27> P 11 
’*26’ P 10 
3 25> P 9 
3 24> p 8 


i — — — w Q y Q V io n r> t 

w 2 2 0^0 0 O z J .r.T-.T 


I — I — Q ? O XXX 





NC 


MO 


*1 

Xq_ 

OEL 

CLK L (CLK) 
CLKY (ENY) 
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© © 
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^P24^s) ^25^ 

26 27 

© © 

63 62 

^P22^ (£ 2 ^ 7 ) 

24 25 

© © 

65 64 

|p2o^ (p2u>^ 

22 23 

/6lk^\ /clkl\ 

^EN^I ^CU^I 

(pU^) ^P19^) 


67 66 20 21 


N.C. 

68 


(YO.PO) \TZP2) (Y4^P4j (Y6^P6j ^Y8^| (yio.pio) (Y12,P12) (yh.pu) (P16.P0) 

1 3 5 7 9 11 13 15 18 



19 
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Maximum Ratings 

(Above which the useful life may be impaired. For user 


guidelines, not tested.) 

Ambient Temperature Under Bias .... — 55°C to + 125°C 
Supply Voltage to Ground Potential .... —0.5V to + 7.0V 

DC Input Voltage —0.5V to + 7.0V 

DC Voltage Applied to Outputs —0.5V to Vcc Max. 

Output Current, into Outputs (low) 10 mA 

Static Discharge Voltage > 1000V 

(per MIL-STD-883 Method 3015) 


Operating Range 


Range 

Temperature 

Vcc 

Commercial 

0°C to + 70°C 

5V ± 10% 

Military HI 

— 55°C to +125°C 

5V ± 10% 


Note: 

1. Ta is the “instant on” case temperature. 


Pin Definitions 

Signal 

Name I/O Description 

X 15-0 I X-Input Data. This 16-bit number may be 

interpreted as two’s complement or unsigned 
magnitude. 

Yi 5 _o I/O Y-Input/LSP Output Data. This 16-bit number 

(Pl 5 „o) may be interpreted as two’s complement or 

unsigned magnitude. The Y-input port may be 
multiplexed with the LSP output (Pi 5 -o). 

P31-16 O Output Data. This 16-bit port may carryeither 

(Pi 5-o) the MSP (P 31 -I 6 ) or the LSP (P 15 - 0 ). 

FT I The MSP and LSP registers are made 

transparent (asynchronous operation) if FT is 

HIGH. 

FA I Format Adjust Control. If FA is HIGH, a full 
32-bit product is output. If FA is LOW, a left- 
shifted product is output, with the sign bit 
replicated in the LSP. FA must be HIGH for 
two’s complement integer, unsigned magnitude, 
and mixed mode multiplication. 

MSPSEL I Output Multiplexer Control. When MSPSEL is 
LOW, the MSP is available for output at the 
MSP output port, and the LSP is available at 
the Y-input/LSP output port. When MSPSEL 
is HIGH, the LSP is available at both ports 
(above) and the MSP is not available. 

RND I Round Control. When RND is HIGH, a one is 
added to the MSB of the LSP. This position is 
dependent on the FA control; FA = HIGH 
means RND adds to the 2 - 15 bit (Pi 5 ), 

FA = LOW means RND adds to the 2 - 16 bit 
(Pl4). 

TCX I Two’s Complement Control X. X-input data are 
interpreted as two’s complement when TCX is 
HIGH. TCX LOW means the data are 
interpreted as unsigned magnitude. 


Signal 

Name I/O Description 

TCY I Two’s Complement Control Y. Y-Input data are 
interpeted as two’s complement when TCY is 
HIGH. TCY LOW means the data are 
interpreted as unsigned magnitude. 

OEP I P 31 - 16 /P 15-0 Output Port Three-State Control. 

When OEP is LOW, the output port is enabled; 
when OEP is HIGH, the drivers are in a high 
impedance state. 

OEL I Y-in/Pi 5 .o Port Three State Control. When 
OEL is LOW, the timeshared port is enabled 
for LSP output. When OEL is HIGH, the 
output drivers are in a high impedance state. 
This is required for Y-input. 

CY7C516 Only 

CLKX I X-Register Clock. X-input data and TCX are 
latched in at the rising edge of CLKX. 

CLKY I Y-Register Clock. Y-input data and TCY are 
latched in at the rising edge of CLKY. 

CLKM I MSP Register Clock. The most significant 
product (MSP) is latched in at the MSP 
Register at the rising edge of CLKM. 

CLKL I LSP Register Clock. The least significant 

product (LSP) is latched in at the LSP Register 
at the rising edge of CLKL. 

CY7C517 Only 

CLK I Clock. All enabled registers latch in their data 
at the rising edge of CLK. 

ENX I X-Register Enable. When ENX is LOW, the X- 
Register is enabled. X-input data and TCX will 
be latched in at the rising edge of CLK when 
the register is enabled. When ENX is HIGH, 
the X-Register is in hold mode. 

ENY I X-Register Enable. ENY enables the 
Y-Register. (See ENX.) 

ENP I Product Register Enable. ENP enables the 
product register. Both the MSP and LSP 
Sections are enabled by ENP. (See ENX.) 
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Input Formats (All Devices) 


TCX, TCY = 1 


15 14 13 12 11 10 9 


Fractional Two’s Complement Input Format 


15 14 13 12 11 10 9 


-2° 2- 1 2- 2 2‘ 3 2-4 2' 5 2' 6 2‘ 7 2' 8 2- 9 2- 10 2-U 2‘ 12 2->3 2-> 4 2' 15 -2° 2' 1 2-2 2-3 2-4 2' 5 2~ 6 2-7 2' 8 2' 9 2-1° 2-H 2-* 2 2-* 3 2~* 4 2‘ 15 

(Sign) (Sign) 


TCX, TCY = 1 


15 14 13 12 11 10 9 


Integer Two’s Complement Input Format 


15 14 13 12 11 10 9 


.215 214 213 212 211 2*° 2 9 2* 2 7 2^ 25 2 4 23 22 2* 2° -2 15 2 14 2*3 2 12 2H 2*0 2 9 2 8 2 7 2^ 25 2 4 23 2 2 2l 2° 

(Sign) (Sign) 


Unsigned Fractional Input Format 


TCX, TCY = 0 


15 14 13 12 11 10 9 


15 14 13 12 11 10 9 


2-1 2-2 2-3 2-4 2‘ 5 2* 6 2‘ 7 2' 8 2' 9 2' 10 2' 1 1 2‘ 12 2' 13 2-' 4 2-15 2-16 2' 1 2-2 2-3 2-4 2‘ 5 2~ 6 2‘ 7 2' 8 2' 9 2-1° 2' 11 2-12 2- 13 2- 1 4 2- 15 2- 16 


Unsigned Integer Input Format 


TCX, TCY = 0 


15 14 13 12 11 10 9 


15 14 13 12 11 10 9 


215 214 213 212 211 2 10 2 9 2 8 2 7 2<> 25 2 4 2 3 22 2* 2« 2*5 2* 4 2*3 2 12 2 11 2 10 2 9 2 8 2 7 2^ 25 2 4 23 22 2* 2° 
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Output Formats (All Devices) 



Fractional Two’s Complement (Shifted)* Format 

FA = 0 

MSP LSP 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

.20 2-1 2-2 2-3 2-4 2-5 2*6 2-7 2-8 2-9 2-10 2*1 1 2-12 2-13 2-14 2-15 .20 2-16 2-17 2-18 2-19 2-20 2-21 2-22 2-23 2-24 2-25 2-26 2-27 2-28 2-29 2-30 
(Sign) (Sign) 


FA = 1 


MSP 


Fractional Two’s Complement Output 


LSP 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1 | 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

-2* 2° 2-1 2-2 2-3 2-4 2" 5 2‘ 6 2‘ 7 2-8 2-9 2-1° 2-1 1 2-12 2-13 2-14 2-15 2-16 2-17 2-18 2-19 2-20 2-21 2-22 2-23 2-24 2-25 2-26 2-27 2-28 2-29 2-30 

(Sign) 


FA = 1 


MSP 


Integer Two’s Complement Output 


LSP 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 j | 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

.231 230 229 228 227 226 225 224 223 222 221 220 219 218 217 216 215 214 213 212 2ll 2*0 29 2« 27 26 25 24 23 22 2l 2° 

(Sign) 


Unsigned Fractional Output 

FA = 1 

MSP LSP 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 2-10 2-1 1 2-12 2-13 2-14 2-15 2-16 2-17 2-18 2-19 2-20 2-21 2-22 2-23 2-24 2-25 2-26 2-27 2-28 2-29 2-30 2-31 2-32 


Unsigned Integer Output 

FA = 1 

MSP LSP 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

231 230 229 228 227 226 225 224 223 222 221 220 219 218 217 216 215 214 213 212 2ll 210 29 2« 27 2 6 25 24 23 2 2 2* 2° 

*In this format an overflow occurs in the attempted multiplication of the two’s complement number 1.000 . . . ( — 1) with itself, yielding a product of 1.000 
. . . or — 1. 
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Electrical Characteristics Over Operating Ranged 


Parameters 

Description 

Test Conditions 

Min. 

Max. 

Units 

VOH 

Output HIGH Voltage 

Vcc = Min., Ioh = —0.4 mA 

2.4 


V 

VOL 

Output LOW Voltage 

Vcc = Min., Iol = 4.0 mA 


0.4 

V 

VlH 

Input HIGH Voltage 


2.0 


V 

VlL 

Input LOW Voltage 



0.8 

V 

lOH 

Output HIGH Current 

V C c = Min., V OH = 2.4V 

-0.4 


mA 

lOL 

Output LOW Current 

V C c= Min., V O l=0.4V 

4.0 


mA 

iix 

Input Leakage Current 

Vss ^ Vjn ^ Vcc. Vcc = Max. 

-10 

10 

juA 

I()S^ 

Output Short Circuit Current 

Vcc = Max., Vout = 0V 

-3 

-30 

mA 

IOZL 

Output OFF (Hi-Z) Current 

Vcc = Max., OE = 2.0V 


-25 

fiA 

IOZH 

Output OFF (Hi-Z) Current 

Vcc = Max., OE = 2.0V 

25 


jxA 

Icc (Qi) [2] 

Supply Current 
(Quiescent) 

Commercial (-38) 

GND < Vin <i ViLor 

Vm ^ Vin ^ Vcc; 

OE = HIGH 


40 

mA 

Military (-42) 


45 

All Others 


30 

Icc (02)121 

Supply Current 
(Quiescent) 

Commercial 

GND ^ Vin ^ 0.4V or 

3.85V ^ Vin ^ V C c; OE = HIGH 


20 

mA 

Military 


25 

I CC (Max.) I 2 ! 

Supply Current 

Commercial 

Vcc = Max., fcLK = 10 MHz; 

OE = HIGH 


100 

mA 

Military 


110 


Capacitance C 3 ] 


Parameters 

Description 

Test Conditions 

Max. 

Units 

ClN 

Input Capacitance 

T a = 25°C, f=l MHz 

Vcc = 5.0V 

8 

P F 

COUT 

Output Capacitance 

10 


Notes: 

1. Not more than one output should be tested at a time. Duration of the 
short circuit should not be more than one second. 

2. Two quiescent figures are given for different input voltage ranges. To 
calculate Ice at an y given clock frequency, use 30 m A + Ice (A.C.), 
where Ice (A.C.) = (7 mA/MHz) X Clock Frequency for the Com- 
mercial temperature range. Ice (A.C.) = (8 mA/MHz) X Clock 
Frequency for the Military temperature range. 


3. Tested initally and after any design or process changes that may affect 
these parameters. 

4. See the last page of this specification for Group A subgroup testing 
information. 


Output Loads Used for A.C. Performance Characteristics 

Normal Load (Load 1) 


R1 

1 02511 



Equivalent to: 


THEVENIN EQUIVALENT 
45511 


OUTPUT 


2.22V 


0054-4 


0054-6 


Three-State Delay Load (Load 2) 



0054-5 
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Switching Characteristics Over Operating Ranged 


Description 


Unclocked Multiply Time 


Clocked Multiply Time 


Xj, Yj, RND, TCX, TCY Set-up Time 


Xj, Yj, RND, TCX, TCY Hold Time 


ENX, ENY, ENP Set-up Time (7C517 Only) 


ENX, ENY, ENP Hold Time (7C517 Only) 


PWH, tpwL Clock Pulse Width (HIGH and LOW) 


PDSEL MSPSEL to Product Out 


Output Clock to P 


Output Clock to Y 


HIGH to Z 


LOW to Z 


Z to HIGH 


Z to LOW 


HIGH to Z 


LOW to Z 


Z to HIGH 


Z to LOW 


Clock Low Hold Time CLKXY 
HCL Relative to CLKMLlH 


Notes: 

1 . To ensure that the correct product is entered in the output registers, 
new data may not be entered into the input registers before the output 
registers have been clocked. 


7C516-38 

7C516-42 

7C516-45 

7C516-55 

7C516-75 

7C517-38 

7C517-42 

7C517-45 

7C517-55 

7C517-75 




2 . See the last page of this specification for Group A subgroup testing 
information. 



Setup and Hold Time (All Devices) Pulse Width (All Devices) 



Notes: 0054-8 

1 . Diagram shown for HIGH data only. Output transition may be oppo- 2 . Cross hatched area is don’t care condition, 

site sense. 
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SEMICONDUCTOR 


Three-State Timing Diagram 
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NORMALIZED FREQUENCY NORMALIZED I, 


CY7C516 

CY7C517 



Typical DC and AC Characteristics 


NORMALIZED SUPPLY CURRENT NORMALIZED SUPPLY CURRENT OUTPUT SOURCE CURRENT 

vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE vs. OUTPUT VOLTAGE 



SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) OUTPUT VOLTAGE (V) 


NORMALIZED FREQUENCY NORMALIZED FREQUENCY OUTPUT SINK CURRENT 

vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE vs. OUTPUT VOLTAGE 



SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) OUTPUT VOLTAGE(V) 


NORMALIZED CURRENT DELAY NORMALIZED I C c 

vs. OUTPUT LOADING vs. FREQUENCY 



CAPACITANCE (pF) 


FREQUENCY (MHz) 


0054-17 
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CY7C517 


Speed 

(ns) 

Ordering 

Code 

Package 

Type 

Operating 

Range 

55 

CY7C516-55PC 

CY7C517-55PC 

P29 

Commercial 


CY7C516-55LC 

CY7C517-55LC 

L81 



CY7C516-55JC 

CY7C517-55JC 

J81 



CY7C516-55DC 

CY7C517-55DC 

D30 



CY7C516-55GC 

CY7C517-55GC 

G68 



CY7C516-55LMB 

CY7C517-55LMB 

L81 

Military 


CY7C516-55DMB 

CY7C517-55DMB 

D30 



CY7C516-55GMB 
CY7C5 1 7-55GMB 

G68 


75 

CY7C516-75PC 

CY7C517-75PC 

P29 

Commercial 


CY7C516-75LC 

CY7C517-75LC 

L81 



CY7C516-75JC 

CY7C517-75JC 

J81 



CY7C516-75DC 

CY7C517-75DC 

D30 



CY7C516-75GC 

CY7C517-75GC 

G68 



CY7C516-75LMB 

CY7C517-75LMB 

L81 

Military 


CY7C516-75DMB 

CY7C517-75DMB 

D30 



CY7C516-75GMB 
CY7C5 1 7-75GMB 

G68 




Ordering Information 


Speed 

(ns) 

Ordering 

Code 

Package 

Type 

Operating 

Range 

38 

CY7C516-38PC 

CY7C517-38PC 

P29 

Commercial 


CY7C516-38LC 

CY7C517-38LC 

L81 



CY7C516-38JC 

CY7C517-38JC 

J81 



CY7C516-38DC 

CY7C517-38DC 

D30 



CY7C516-38GC 

CY7C517-38GC 

G68 


42 

CY7C516-42LMB 
CY7C5 1 7-42LMB 

L81 

Military 


CY7C5 1 6-42DMB 
CY7C517-42DMB 

D30 



CY7C516-42GMB 

CY7C517-42GMB 

G68 


45 

CY7C516-45PC 

CY7C517-45PC 

P29 

Commercial 


CY7C516-45LC 

CY7C517-45LC 

L81 



CY7C516-45JC 

CY7C517-45JC 

J81 



CY7C516-45DC 

CY7C517-45DC 

D30 



CY7C516-45GC 

CY7C517-45GC 

G68 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 

Subgroups 

VOH 

1,2,3 

VOL 

1,2,3 

VlH 

1,2,3 

ViL 

1,2,3 

lOH 

1,2,3 

lOL 

1,2,3 

Iix 

1,2,3 

los 

1,2,3 

lOZL 

1,2,3 

lOZH 

1,2,3 

Icc (Ql) 

1,2,3 


Parameters 

Subgroups 

Icc (Q 2 ) 

1,2,3 

Icc (Max.) 

1,2,3 


Switching Characteristics 


Parameters 

Subgroups 

tMUC 

7,8,9,10,11 

tMC 

7,8,9,10,11 

ts 

7,8,9,10,11 

tH 

7,8,9,10,11 

tSE 

7,8,9,10,11 

tHE 

7,8,9,10,11 

tpWH, tpWL 

7,8,9,10,11 

tpDSEL 

7,8,9,10,11 

tPDP 

7,8,9,10,11 

tPDY 

7,8,9,10,11 

tPHZ 

7,8,9,10,11 

tPLZ 

7,8,9,10,11 

tpZH 

7,8,9,10,11 

tpZL 

7,8,9,10,11 

tPHZ 

7,8,9,10,11 

tPLZ 

7,8,9,10,11 

tpZH 

7,8,9,10,11 

tpZL 

7,8,9,10,11 

tHCL 

7,8,9,10,11 


Document #: 38-00018-C 


CY7C516 

CY7C517 
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CY7C901 


i Jgg CYPRESS 

r w SEMICONDUCTOR CMOS Four-Bit Slice 


Features 

• Fast 

CY7C901-23 has a 23 ns 
Read Modify-Write Cycle; 
Commercial 25% Faster 
than “C” Spec 2901 
CY7C901-27 has a 27 ns 
Read Modify-Write Cycle; 
Military 15% Faster 
than “C” Spec 2901 

• Low Power 

70 mA (commercial) 

90 mA (military) 

• V C c 5V ± 10% 

Commercial and military 

• Eight Function ALU 

• Infinitely expandable in 4-bit 
increments 

• Four Status Flags: 

Carry, overflow, negative, zero 

• Capable of withstanding 
greater than 2000V static 
discharge voltage 


• Pin Compatible and Functional 
Equivalent to Am2901B, C 

Functional Description 

The CY7C901 is a high-speed, expand- 
able, 4-bit wide ALU that can be used 
to implement the arithmetic section of 
a CPU, peripheral controller, or pro- 
grammable controller. The instruction 
set of the CY7C901 is basic but yet so 
versatile that it can emulate the ALU 
of almost any digital computer. 

The CY7C901, as illustrated in the 
block diagram, consists of a 16- word 
by 4-bit dual-port RAM register file, a 
4-bit ALU and the required data ma- 
nipulation and control logic. 

The operation performed is determined 
by nine input control lines (Iq to Is) 


that are usually inputs from a microin- 
struction register. 

The CY7C901 is expandable in 4-bit 
increments, has three-state data out- 
puts as well as flag output, and can use 
either a full look ahead carry or a rip- 
ple carry. 

The CY7C901 is a pin compatible, 
functional equivalent, improved per- 
formance replacement for the Am2901. 

The CY7C901 is fabricated using an 
advanced 1 .2 micron CMOS process 
that eliminates latchup, results in ESD 
protection over 2000V and achieves su- 
perior performance with low power 
dissipation. 


Logic Block Diagram 


R 


RAM 0 RAM SHIFT RAM 3 


=3' a ' 

=3 


±E 


B' DATA IN 
ADDRESS 
RAM 

16 ADDRESSABLE 
REGISTERS 
'B' ADDRESS 


'A' 


'B' 


R 




II 


2 1 1 


MICROINSTRUCTION DECODE 


XT 




R 


Qo Q3 
Q-SHIFT 


SL 


ABB 
ALU DATA SOURCE 
SELECTOR 


4LLI 


U — IT 


8-FUNCTION ALU 




Cn + 4 
F 3 (SIGN) 
OVERFLOW 
F =0000 




OUTPUT DATA SELECTOR 


nr 


Pin Configuration 

Top View 


*3 C 

1 • 


□ of 

A*: 

2 

39 

Dy 3 

Alt 

3 

38 

D Y 2 

Ao C 

4 

37 

Dy, 

1st 

5 

36 

DYo 

IsC 

6 

35 

Dp 

i?: 

7 

34 

Dovr 

ram 3 C 

8 

33 

D Cn 4 A 

RAM„ Z 

9 

32 

Do 

Vcc C 

10 

31 

DF3 

F=0[ 

11 

30 

Dgnd 

•o C 

12 

29 

Dc„ 

1. : 

13 

28 

Du 

•»c 

14 

27 

□ Is 

cpc 

15 

26 

Di 3 

03 C 

16 

25 

Ddo 

Bo C 

17 

24 

Do, 

B,C 

18 

23 

3 °2 

B 2 C 

19 

22 

1 03 

83 C 

20 

21 

Doo 
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Selection Guide See last page for ordering information. 


Read Modify- Write Cycle (Min.) in ns 

Operating Ice (Max.) in mA 

Operating Range 

Part Number 

23 

80 

Commercial 

CY7C901-23 

27 

90 

Military 

CY7C901-27 

31 

70 

Commercial 

CY7C901-31 

32 

90 

Military 

CY7C901-32 


Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 

Storage Temperature — 65°C to + 150°C Static Discharge Voltage > 2001V 

Ambient Temperature with ^ er MIL-STD-883 Method 3015) 

Power Applied — 55°C to + 125°C Latchup Current (Outputs) > 200 mA 


Supply Voltage to Ground Potential 


(Pin 10 to Pin 30) -0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State -0.5V to + 7.0V 

DC Input Voltage —3.0V to + 7.0V 

Output Current into Outputs (Low) 30 mA 


Pin Definitions 

Signal 

Name I/O Description 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to +70°C 

5V ± 10% 

Military M 

— 55°C to +125°C 

5V ± 10% 

Note: 

1. Ta is the “instant on” case temperature. 


Signal 

Name I/O 

Description 



A 0 -A 3 I These 4 address lines select one of the registers in 
the stack and output its contents on the (internal) 
A port. 

B 0 -B 3 I These 4 address lines select one of the registers in 
the stack and output is contents on the (internal) 
B port. This can also be the destination address 
when data is written back into the register file. 

I 0 -I 8 I These 9 instruction lines select the ALU data 
sources (Io, 1 , 2 ), the operation to be performed 
(I3, 4 , 5) an d what data is to be written into either 
the Q register or the register file (16, 7 , s)- 

D 0 -D 3 I These are 4 data input lines that may be selected 
by the Io, 1, 2 lines as inputs to the ALU. 

Y 0 -Y 3 O These are three-state data output lines that, when 
enabled, output either the output of the ALU or 
the data in the A latches, as determined by the 
code on the 16 , 7, 8 lines. 

OE I Output Enable. This is an active LOW input that 
controls the Y 0 -Y 3 outputs. When this signal is 
LOW the Y outputs are enabled and when it is 
HIGH they are in the high impedance state. 

CP I Clock Input. The LOW level of the clock write 
data to the 16x4 RAM. The HIGH level of the 
clock writes data from the RAM to the A-port 
and B-port latches. The operation of the Q 
register is similar. Data is entered into the master 
latch on the LOW level of the clock and 
transferred from master to slave when the clock is 
HIGH. 

Q 3 I/O These two lines are bidirectional and are 

RAM 3 controlled by the 16, 7, 8 inputs. Electrically they 
are three-state output drivers connected to the 
TTL compatible CMOS inputs. 


Q 3 I/O Outputs: When the destination code on lines 

RAM 3 16, 7 , 8 indicates a shift left (UP) operation the 

(Cont.) three-state outputs are enabled and the MSB of 
the Q register is output on the Q 3 pin and the 
MSB of the ALU output (F 3 ) is output on the 
RAM 3 pin. 

Inputs: When the destination code indicates a 
shift right (DOWN) the pins are the data inputs 
to the MSB of the Q register and the MSB of the 
RAM. 

Qo I/O These two lines are bidirectional and function in a 

RAMo manner similar to the Q 3 and RAM 3 lines, except 
that they are the LSB of the Q register and RAM. 

C n I The carry-in to the internal ALU. 

C n +4 O The carry-out from the internal ALU. 

G, P O The carry generate and the carry propagate 
outputs of the ALU, which may be used to 
perform a carry look-ahead operation over the 4- 
bits of the ALU. 

OVR O Overflow. This signal is logically the exclusive- 
OR of the carry-in and the carry-out of the MSB 
of the ALU. This pin indicates that the result of 
the ALU operation has exceeded the capacity of 
the machine. It is valid only for the sign bit and 
assumes two’s complement coding for negative 
numbers. 

F = 0 O Open drain output that goes HIGH if the data on 
the ALU outputs (Fo, 1 , 2 , 3 ) are all LOW. It 
indicates that the result of an ALU operation is 
zero (positive logic). 

F 3 O The most significant bit of the ALU output. 
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Figure 1. CY7C901 Block Diagram 
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Functional Tables 


Mnemonic 

Micro Code 

ALU Source 
Operands 

Q 

D 

B 

Octal 

Code 

R 

S 

AQ 

L 

L 

L 

0 

A 


AB 

L 

L 

H 

1 

A 


ZQ 

L 

H 

L 


O 


ZB 

L 

H 

H 


0 


ZA 

H 

L 

L 


o 


DA 

H 

L 

H 


D 


DQ 

H 

H 

L 


D 

Q 

DZ 

H 

H 

H 

7 

D 

0 


Figure 2. ALU Source Operand Control 



Micro Code 

ALU 

Function 


Mnemonic 

Q 

H 

B 

Octal 

Code 

Symbol 

ADD 

L 

L 

L 

0 

R Plus S 

R + S 

SUBR 

L 

L 

H 

1 

S Minus R 

S - R 

SUBS 

L 

H 

L 

mm 

R Minus S 

R - S 

OR 

L 

H 

H 

mm 

RORS 

R V S 

AND 

H 

L 

L 

mm 

RANDS 

R A S 

NOTRS 

H 

L 



RANDS 

R A S 

EXOR 

H 

H 


mm 

R EX-OR S 

R V S 

EXNOR 

H 

H 


■■ 

R EX-NOR S 

R V S 


Figure 3. ALU Function Control 


Mnemonic 

Micro Code 

RAM Function 

Q-Reg. 

Function 

Y 

Output 

RAM 

Shifter 

Q Shifter 

□ 

□ 

□ 

Octal 

Code 

Shift 



Load 

RAM 0 

ram 3 

Qo 

Q3 

QREG 


KB 

KB 

0 

X 

None 

None 

F — ► Q 

F 

X 

X 

mm 

EH 

NOP 

KB 

KB 

El 

1 

X 

None 

X 

None 

F 

X 

X 

mm 

mm 

RAMA 

KB 

El 

KB 

2 

None 

F — ► B 

X 

None 

A 

X 

X 

mm 

mm 

RAMF 

KB 

El 

E3 

3 

None 

F — *■ B 

X 

None 

F 

X 

X 

wm 

mm 

RAMQD 

El 

KB 

KB 

4 

DOWN 

F/2 — ► B 

DOWN 

Q/2 -» Q 

F 

F 0 

in 3 

EM 

KS9 

RAMD 

O 

KB 

El 

5 

DOWN 

F/2 — ► B 

X 

None 

F 

F 0 

in 3 

EM 

mm 


El 

El 

KB 

6 

UP 

2F — > B 

UP 

2Q — ► Q 

F 

INo 

f 3 



RAMU 

El 

El 

El 

7 

UP 

2F — ► B 

X 

None 

F 

INo 

f 3 

mm 

EM 


X = Don’t care. Electrically, the input shift pin is a TTL input internally connected to a three-state output which is in the high-impedance state. 
A = Register Addressed by A inputs. 

B = Register Addressed by B inputs. 

UP is toward MSB, DOWN is toward LSB. 

Figure 4. ALU Destination Control 
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2 

3 

4 
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7 
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m 
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O, Q 

O, B 

O, A 

D, A 

D, Q 

D, O 

ALU 
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■ 


A + Q 

A + B 

Q 

B 

A 

D + A 

D + Q 
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A + Q+l 

A + B+l 

Q+l 

B+l 

A+l 

D + A+l 

D + Q+l 

D+l 


C„ = L 

Q-A-l 

B-A-l 

Q-l 

B-l 

A — 1 

A-D-l 

Q-D-l 

— D— 1 

■ H 

S minus R 









3*5 

C„ = H 
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B-A 

Q 

B 

A 

A-D 

Q-D 

-D 

2 

C„ = L 


A-B-l 

-Q-l 

-B-l 


D-A-l 

D-Q-l 

D-l 


R minus S 










C„ = H 

■ 

A-B 

-Q 

-B 


D-A 

D-Q 

D 

3 

RORS 

AVQ 

A VB 

Q 

B 

A 

D V A 

DVQ 

D 

4 

RANDS 

AAQ 

A AB 

0 

0 

0 

DA A 

DAQ 

0 

5 

RANDS 

AAQ 

A AB 

Q 

B 

A 

DAA 

DAQ 

0 

6 

R EX-OR S 

AVQ 

AVB 

Q 

B 

A 

DV A 

DVQ 

D 

7 

R EX-NOR S 

AVQ 

A VB 

Q 

B 

A 

DV A 

DVQ 

D 


+ = Plus; - = Minus; V = OR; A = AND; V =EX-OR 

Figure 5. Source Operand and ALU Function Matrix 
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CY7C901 


CYPRESS 

SEMICONDUCTOR ~ 

Description of Architecture 

General Description 

A block diagram of the CY7C901 is shown in Figure 1. 

The circuit is a 4-bit slice consisting of a register file (16x4 
dual port RAM), the ALU, the Q register and the neces- 
sary control logic. It is expandable in 4-bit increments. 

RAM 

The RAM is addressed by two 4-bit address fields (A 0 -A 3 , 
B 0 -B 3 ) that cause the data to appear at the A or B (inter- 
nal) ports. If the A and B addresses are the same, the data 
at the A and B ports will be identical. 

New data is written into the RAM location specified by the 
B address when the RAM write enable (RAM EN) is ac- 
tive and the clock input is LOW. Each of the four RAM 
inputs is driven by a 3-input multiplexer that allows the 
outputs of the ALU (Fo, 1 , 2 , 3 ,) to be shifted one bit posi- 
tion to the left, the right, or not to be shifted. The other 
inputs to the multiplexer are from the RAM 3 and RAMo 
I/O pins. 

For a shift left (up) operation, the RAM 3 output buffer is 
enabled and the RAMo multiplexer input is enabled. For a 
shift right (down) operation the RAMo output buffer is 
enabled and the RAM 3 multiplexer input is enabled. 

The data to be written into the RAM is applied to the D 
inputs of the CY7C901 and is passed (unchanged) through 
the ALU to the RAM location addressed by the B word 
address. 

The outputs of the RAM A and B ports drive separate 4- 
bit latches that are enabled (follow the RAM data) when 
the clock is HIGH. The outputs of the A latches go to 
three multiplexers whose outputs drive the two inputs to 
the ALU (Ro, 1 , 2 , 3 ) and (So, l, 2, 3) and the (Yo, 1 , 2 , 3 ) chip 
outputs. 

ALU (Arithmetic Logic Unit) 

The ALU can perform three arithmetic and five logical 
operations on two 4-bit input words, R and S. The R inputs 
are driven from four 2 -input multiplexers whose inputs are 
from either the (RAM) A-port or the external data (D) 
inputs. The S inputs are driven from four 3-input multi- 
plexers whose inputs are from the A-port, the B-port, or 
the Q register. Both multiplexers are controlled by the 


lo, 1, 2 inputs as shown in Figure 2. This configuration of 
multiplexers on the ALU R and S inputs enables the user 
to select eight pairs of combinations of A, B, D, Q and “0” 
(unselected) inputs as 4-bits operands to the ALU. The 
logical and arithmetic operations performed by the ALU 
upon the data present at its R and S inputs are tabulated in 
Figure3. The ALU has a carry-inJC n ) input, carry-propa- 
gate (P) output, carry-generate (G) output, carry-out 
(C n + 4) and overflow (OVR) pins to enable the user to (1) 
speed up arithmetic operations by implementing carry 
look-ahead logic and ( 2 ) determine if an arithmetic over- 
flow has occurred. 


The ALU data outputs (Fo, 1 , 2 , 3 ) are routed to the RAM, 
the Q register inputs and the Y outputs under control of 
the 16, 7 , 8 control signal inputs as shown in Figure 4. In 
addition, the MSB of the ALU is output as F3 so that the 
user can examine the sign bit without enabling the three- 
state outputs. The F = 0 output, used for zero detection, is 
HIGH when all bits of the F output are LOW. It is an 
open-drain output which may be wire OR’ed across multi- 
ple 7C901 processor slices. 

Q Register 

The Q register functions as an accumulator or temporary 
storage register. Physically it is a 4-bit register implement- 
ed with master-slave latches. The inputs to the Q register 
are driven by the outputs from four 3-input multiplexers 
under control of the 16, 7 , 8 inputs. The Qo and Q 3 I/O pins 
function in a manner similar to the RAMo and RAM 3 
pins. The other inputs to the multiplexer enable the con- 
tents of the Q register to be shifted up or down, or the 
outputs of the ALU to be entered into the master latches. 
Data is entered into the master latches when the clock is 
LOW and transferred from master to slave (output) when 
the clock changes from LOW to HIGH. 

ALU Source Operand and ALU Functions 

The ALU source operands and ALU function matrix is 
summarized in Figure 5 and separated by logic operation 
or arithmetic operation in Figures 6 and 7, respectively. 

The Io, 1, 2 lines select eight pairs of source operands and 
the I 3 , 4 , 5 lines select the operation to be performed. The 
carry-in (C n ) signal affects the arithmetic result and the 
internal flags; not the logical operations. 
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Conventional Addition and Pass-Increment/ 

Decrement 

When the carry-in is HIGH and either a conventional ad- 
dition or a PASS operation is performed, one (1) is added 
to the result. If the DECREMENT operation is performed 
when the carry-in is LOW, the value of the operand is 
reduced by one. However, when the same operation is per- 
formed when the carry-in is HIGH, it nullifies the DEC- 
REMENT operation so that the result is equivalent to the 
PASS operation. 


Octal 

1543 , 1210 

Group 

Function 

40 

AND 

A A Q 

4 1 


A A B 

45 


D A A 

46 


D A Q 

30 

OR 

A V Q 

3 1 


A V B 

3 5 


D V A 

36 


D V Q 

60 

EX-OR 

A V Q 

6 1 


A V B 

65 


D V A 

66 


D V Q 

70 

EX-NOR 

A V Q 

71 


A V B 

75 


D V A 

76 


D V Q 

72 

INVERT 

Q 

73 


B 

74 


A 

77 


D 

62 

PASS 

Q 

63 


B 

64 


A 

67 


D 

32 

PASS 

Q 

3 3 


B 

34 


A 

3 7 


D 

42 

“ZERO” 

0 

43 


0 

44 


0 

47 


0 

50 

MASK 

A A Q 

5 1 


A A B 

5 5 


D A A 

56 


D A Q 


Figure 6. ALU Logic Mode Functions 


Subtraction 

Recall that in two’s complement integer coding — 1 is 
equal to all ones and that in one’s complement integer cod- 
ing zero is equal to all ones. To convert a positive integer to 
its two’s complement (negative) equivalent, invert (comple- 
ment) the number and add 1 to it; i.e., TWC = ONC + 1. 
In Figure 7 the symbol — Q represents the two’s comple- 
ment of Q so that the one’s complement of Q is then 
-Q-l. 


Octal 

C n = 0 (Low) 

C„ = 1 (High) 

l543> 1210 

Group 

Function 

Group 

Function 

00 


A + Q 


A + Q+l 

0 1 

ADD 

A + B 

ADD plus 

A + B+l 

05 

D + A 

one 

D + A+l 

06 


D + Q 


D + Q+l 

02 


Q 


Q+l 

03 

04 

PASS 

B 

A 

Increment 

B+l 

A+l 

07 


D 


D+l 

1 2 


Q-l 


Q 

1 3 

1 4 

Decrement 

B-l 
A— 1 

PASS 

B 

A 

27 


D-l 


D 

22 


-Q-l 


-Q 

23 

24 

1’sComp. 

-B-l 
— A— 1 

2’s Comp. 
(Negate) 

-B 

-A 

1 7 


-D-l 


-D 

1 0 


Q-A-l 


Q-A 

1 1 


B-A-l 


B-A 

1 5 


A-D-l 


A-D 

1 6 

Subtract 

Q-D-l 

Subtract 

Q-D 

20 

(l’s Comp.) 

A-Q-l 

(2’s Comp.) 

A-Q 

2 1 


A-B-l 


A-B 

25 


D-A-l 


D-A 

26 


D-Q-l 


D-Q 


Figure 7, ALU Arithmetic Mode Functions 
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Logic Functions for G, P, C n + 4 , and OVR 

The four signals G, P, C n + 4 , and OVR are designed to 
indicate carry and overflow conditions when the CY7C901 
is in the add or subtract mode. The table below indicates 
the logic equations for these four signals for each of the 
eight ALU functions. The R and S inputs are the two in- 
puts selected according to Figure 2. 


Definitions ( + = OR) 

Po = Ro + So Go = R0S0 

Pi = Rj + Si Gi = RiSj 

P 2 = R2 + S 2 G 2 = R2S2 

P3 = R3 + S3 G3 = R3S3 

C 4 = G 3 + P3G2 + P3P2G1 + P3P2G0 + P 3 P 2 PlPoC n 

C 3 = G 2 + P 2 Gi + P 2 PlG 0 + P 2 PlPoC n 


I 543 

Function 

P 

G 

C n + 4 

OVR 

0 

R + S 

P3P2P1P0 

g 3 + P3G2 + P3P2G1 + P 3 P 2 PlG 0 

C 4 

c 3 ¥ C 4 

1 

S-R 

<- 

Same as R + S equations, but substitute Rj for R; in definitions — * 

2 

R-S 

<- 

Same as R + S equations, but substitute Sj for Sj in definitions — ► 

3 

R V S 

LOW 

P3P2P1P0 

P 3 P 2 PlPo + C n 

P 3 P 2 PlPo + C„ 

4 

R A S 

LOW 

G3 + G2 + G1 + G0 

G 3 + G 2 + Gi + Go + C n 

G 3 + G 2 + Gi + Go + C n 

5 

RAS 

LOW 

< — Same as R A S equations, but substitute Rj for Rj in definitions — > 

6 

R V S 


< — Same as R ¥ S, but substitute R; for Rj in definitions — > 

fl 

R V S 

G3 + G2 + G1 + G0 

g 3 + P 3 G 2 + P 3 P 2 Gi + P 3 P 2 PiPo 

G 3 + P 3 G2 + P 3 P 2 Gi 

+ P 3 P 2 P 1 Po (Go + Cn) 

See note 


Notes: 

[P2 + G2P1 + G2G1P0 + G2GiGoC n ] ¥ [P3 + G3P2 + G3G2P1 + G3G2G1P0 + G 3 G 2 G]GoC n ] 
+ = OR 


Figure 8 
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SEMICONDUCTOR 


CY7C901 


Electrical Characteristics Over Commercial and Military Operating Ranged 
Vcc Min. = 4.5V, Vcc Max. = 5.5V 


Parameters 

Description 

Test Conditions 

Min. 

Max. 

Units 

VoH 

Output HIGH Voltage 

Vcc = Min. 

Ioh = — 3.4 mA 

2.4 



VOL 

Output LOW Voltage 

Vcc = Min. 

Iol = 20 mA Commercial 

Iol = 16 mA Military 

■ 

0.4 

a 

VlH 

Input HIGH Voltage 


2.0 

Vcc 

V 

Vil 

Input LOW Voltage 


-3.0 

0.8 

V 

Iix 

Input Leakage Current 

Vss ^ Vin < Vcc 

Vcc = Max. 

-10 

10 

fiA 

lOH 

Output HIGH Current 

Vcc = Min. 

V OH = 2.4V 

D 


mA 

lOL 

Output LOW Current 

Vcc = Min. 

V OL = 0.4V 

Commercial 

20 


mA 

Military 

16 


loz 

Output Leakage Current 

Vcc = Max. 

VoUT = Vss to Vcc 

-40 

+ 40 

fiA 

fiA 

isc 

Output Short Circuit Current! 1 ] 

Vcc = Max. 

VoUT = ov 


-85 

mA 

icc 

Supply Current 

Vcc = Max. 

Commercial -3 1 


70 

mA 

Commercial -23 


80 

Military -27, -32 


90 

icci 

Supply Current 

Vih ^ Vcc ~~ 1.2V, 10 MHz 
Vil £ 0.4V 

Commercial 


26.5 

mA 

Military 


31 


Capacitance ^ 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Cin 

Input Capacitance 

Ta = 25°C, f= 1 MHz 

V CC = 5.0V 

5 

pF 

CqUT 

Output Capacitance 

7 


Notes: 


1. Not more than one output should be tested at a time. Duration of the 3. See the last page of this specification for Group A subgroup testing 

short circuit should not be more than one second. information. 

2. Tested initially and after any design or process changes that may 
affect these parameters. 

Output Loads used for AC Performance Characteristics 



0030-4 

All outputs except open drain 

Notes: 

1. Cl = 50 pF includes scope probe, wiring and stray capacitance. 

2. Cl = 5 pF for output disable tests. 

3. Loads shown above are for commercial (20 mA) Iql spec only. 



Open drain (F = 0) 


0030-5 


6-50 
























































































CYPRESS 

SEMICONDUCTOR 
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CY7C901-23 Commercial and 
CY7C901-27 Military AC Performance 
Characteristics 

The tables below specify the guaranteed AC performance 
of these devices over the Commercial (0°C to 70° C) and 
Military (— 55°C to + 125°C) operating temperature range 
with Vcc varying from 4.5V to 5.5V. All times are in 
nanoseconds and are measured between the 1.5 V signal lev- 
els. The inputs switch between 0V and 3V with signal tran- 
sition rates of IV per nanosecond. All outputs have maxi- 
mum DC current loads. See “Electrical Characteristics” 
for loading circuit information. 

This data applies to parts with the following numbers: 


Cycle Time and Clock Characteristics ^ 


CY7C901 

-23 

-27 

Read-Modify- Write Cycle (from 
selection of A, B registers to 
end of cycle). 

23 ns 

27 ns 

Maximum Clock Frequency to shift Q 
(50% duty cycle, I = 432 or 632) 

43 MHz 

37 MHz 

Minimum Clock LOW Time 

13 ns 

15 ns 

Minimum Clock HIGH Time 

10 ns 

12 ns 

Minimum Clock Period 

23 ns 

27 ns 


CY7C901-23PC CY7C901-23DC CY7C901-23LC 

CY7C901-23JC CY7C901-27DMB CY7C901-27LMB 

Combinational Propagation Delays. c L = 50 pFts] 


To Output 

Y 

f 3 

Cn + 4 

G, P 

F = 0 

OVR 

RAM 0 

RAM 3 

Qo 

Q3 

From Input 

CY7C901 

3 






BEEB 


MM 

msm 

MM 

EH 

Ml 

El 

KB 

MB 

A, B Address 

MM 






mm 



BEB 

IPP 

MB 

| 

MB 

— 

— 

Data 

mm 

mm 


23 

20 

23 

MM 

mm 

mm 

El 

El 

mm 

MB 

mm 

— 

— 

Cn 

mm 

mm 

mm 

17 

mm 

mm 


— 

mm 

mm 

mm 

mm 

mm 

El 

— 

— 

1012 

mm 

mm 

mm 


mm 

mm 

mm 

El 

mm 

mm 

mm 

mum 

mm 


— 

— 

1345 

warn 

Ki 

mm 


mm 

mm 

mm 

mm 

mm 

msM\ 

mm 

mm 

mm 


— 

— 

1678 

mm 

mm 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

mm 

El 

El 

El 

KBhH 

24 

26 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 


mm 

mb 

mm 

mm 

El 

mm 

mm 

mm 

mm 

El 

El 

El 

mm 

MB 

MB 

mm 


Set-up and Hold Times Relative to Clock (CP) Input t 5 ] 


Input 



"3 


cr. A 

Set-up Time 
Before H — > L 

mm 

Hold Time 

After H —*■ L 

Set-up Time 

Before L — > H 

CY7C901 

23 

27 

23 | 27 

23 | 27 

23 | 27 

A, B Source Address 

10 

12 

0 

(Note 3) 

21, 10 + tpwL 
(Note 4) 

0 

B Destination Address 

10 

12 

< — Do Not Change — ► 

0 

Data 

— 

— 

— 

16 

0 

c„ 

— 

— 

— 

13 

0 

I 012 

— 

— 

— 

19 

0 

1345 

— 

— 

— 

19 

0 

1678 

7 

9 

* — Do Not Change — » 

0 

RAMq, 3,Qo, 3 

— 

— 

— 9 

0 


Output Enable/Disable Times ^ 

Output disable tests performed with Cl = 5 pF and measured to 0.5V change of output voltage level. 

3. Source addresses must be stable prior to the clock H — * L transition 
to allow time to access the source data before the latches close. The A 
address may then be changed. The B address could be changed if it is 
not a destination; i.e. if data is not being written back into the RAM. 
Normally A and B are not changed during the clock LOW time. 

4. The set-up time prior to the clock L — > H transition is to allow time 
for data to be accessed, passed through the ALU, and returned to the 
RAM. It includes all the time from stable A and B addresses to the 
clock L — > H transition, regardless of when the clock H — ► L 
transition occurs. 

5. See the last page of this specification for Group A subgroup testing 
information. 


Device 

Input 

Output 

Enable 

Disable 

CY7C901-23 

OE 

Y 

14 

16 

CY7C901-27 

OE 

Y 

16 

18 


Notes: 

1. A dash indicates a propagation delay path or set-up time constraint 
does not exist. 

2. Certain signals must be stable during the entire clock LOW time to 
avoid erroneous operation. This is indicated by the phrase “do not 
change”. 
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CY7C901-31 Commercial and 
CY7C901-32 Military AC Performance 
Characteristics 

The tables below specify the guaranteed AC performance 
of these devices over the Commercial (0°C to 70°C) and 
Military ( — 55°C to + 125°C) operating temperature range 
with Vcc varying from 4.5V to 5.5V. All times are in 
nanoseconds and are measured between the 1.5 V signal lev- 
els. The inputs switch between OV and 3V with signal tran- 
sition rates of IV per nanosecond. All outputs have maxi- 
mum DC current loads. See “Electrical Characteristics” 
for loading circuit information. 

This data applies to parts with the following numbers: 


Cycle Time and Clock Characteristics^ 


CY7C901- 

-31 

-32 

Read-Modify-Write Cycle (from 
selection of A, B registers to 
end of cycle). 

31 ns 

32 ns 

Maximum Clock Frequency to shift Q 
(50% duty cycle, I = 432 or 632) 

32 MHz 

31 MHz 

Minimum Clock LOW Time 

16 ns 

17 ns 

Minimum Clock HIGH Time 

15 ns 

15 ns 

Minimum Clock Period 

31 ns 

32 ns 


For faster performance see CY7C901-23 specification on page 9 . 


CY7C901-31PC CY7C901-31DC CY7C901-31LC CY7C901-31JC CY7C901-32DMB CY7C901-32LMB 

Combinational Propagation Delays. Cl = 50 pFfsl 


To Output 

Y 

F 3 

Cn + 4 

G, P 

F 

= 0 

OVR 

RAM 0 

RAM 3 

Qo 

q 3 

From Input 




E9 

mm 

mm 

BT 1 


WSM 

mm 




mm 

11 

mm 

A, B Address 

mm 

mm 

mm 

mm 

El 

mm 

El 

El 

mm 

El 

mm 

El 

El 

mm 

— 

— 

D 

— 

mm 


mm 


mm 

El 

El 

wm 

El 

El 

El 

MM 

mm 

— 

— 

C n 


mm 


mm 

mm 

mm 

— 

— 

mm 

El 


El 

mm 

mm 

— 

— 

l 012 


mm 


mm 

mm 

mm 


El 

mm 

El 


El 

mm 

mm 

— 

— 

1345 

mm 

mm 


El 

mm 

El 

m 

El 

El 

El 

m 

El 

■tfcM 

El 

— 

— 

1678 

mm 

mm 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

mm 

El 

mm 

El 

A Bypass ALU 
(I = 2XX) 

35 

40 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Clock 


mm 

Kl 

El 


El 

mm 

El 


El 

El 

El 

BM 

El 

m m 

El 


Set-up and Hold Times Relative to Clock (CP) Input ^ 




r 


— 


L1 - ± 

... ..." 


Input 

Set-up Time 
Before H — > L 

Hold Time 

After H — ► L 

Set-up Time 

Before L —*■ H 


A, B Source Address 

15 

0 

(Note 3) 

30, 15 + tpwL 
(Note 4) 

0 

B Destination Address 

15 

4- 

Do Not Change — ► 

0 

D 

— 

— 

25 

0 

C n 

— 

— 

20 

0 

l012 

— 

— 

30 

0 

1345 

— 

— 

30 

0 

1678 

10 

< — 

Do Not Change — ► 

0 

RAMq, 3,Qo, 3 

— 


— 

12 

0 


Output Enable/Disable Times ^ 

Output disable tests performed with Cl = 5 pF and measured to 0.5 V change of output voltage level. 


Device 

Input 

Output 

Enable 

Disable 

CY7C901-31 

OE 

Y 

23 

23 

CY7C901-32 

OE 

Y 

25 

25 


Notes: 

1. A dash indicates a propagation delay path or set-up time constraint 
does not exist. 

2. Certain signals must be stable during the entire clock LOW time to 
avoid erroneous operation. This is indicated by the phrase “do not 
change”. 


3. Source addresses must be stable prior to the clock H — * L transition 
to allow time to access the source data before the latches close. The A 
address may then be changed. The B address could be changed if it is 
not a destination; i.e. if data is not being written back into the RAM. 
Normally A and B are not changed during the clock LOW time. 

4. The set-up time prior to the clock L — * H transition is to allow time 
for data to be accessed, passed through the ALU, and returned to the 
RAM. It includes all the time from stable A and B addresses to the 
clock L — *• H transition, regardless of when the clock H — * L 
transition occurs. 

See the last page of this specification for Group A subgroup testing 
information. 
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Minimum Cycle Time Calculations for 16-Bit Systems 

Speed used in calculations for parts other than CY7C901 are representative for MSI parts. 



Pipelined System, Add without Simultaneous Shift 


CY7C245 

Data Loop 

Clock to Output 

12 

CY7C245 

Control Loop 

Clock to Output 

12 

CY7C901 

A, B to G, P 

28 

MUX 

Select to Output 

12 

Carry Logic 

Go, Po to C n + Z 

9 

CY7C910 

CC to Output 

22 

CY7C901 

C n to Worst Case 

18 

CY7C245 

Access Time 

20 

Register 

Setup 

4 

71 ns 

Minimum Clock Period = 

71 ns 


66 ns 




Data Loop 



Control Loop 


CY7C245 

Clock to Output 

12 

CY7C245 

Clock to Output 

12 

CY7C901 

A, B to G, P 

28 

MUX 

Select to Output 

12 

Carry Logic 

Go, Po to Cn + Z 

9 

CY7C910 

CC to Output 

22 

CY7C901 

C n to Worst Case 

18 

CY7C245 

Access Time 

20 

XOR and MUX 

Prop. Delay, Select 
to Output 

20 



66 ns 

CY7C901 

RAM 3 Setup 

9 






96 ns 





Minimum Clock Period = 96 ns 
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NORMALIZED FREQUENCY NORMALIZED I 
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SEMICONDUCTOR 


CY7C901 


Typical DC and AC Characteristics 



OUTPUT SOURCE CURRENT 



0 1.0 2.0 3.0 4.0 


SUPPLY VOLTAGE (V) 


AMBIENT TEMPERATURE (°C) 


OUTPUT VOLTAGE (V) 


NORMALIZED FREQUENCY 
vs. SUPPLY VOLTAGE 


NORMALIZED FREQUENCY 
vs. AMBIENT TEMPERATURE 


OUTPUT SINK CURRENT 
vs. OUTPUT VOLTAGE 



SUPPLY VOLTAGE (V) 


AMBIENT TEMPERATURE (°C) 


OUTPUT VOLTAGE (V) 



NORMALIZED I C c 



0 5 10 15 20 25 30 35 


CAPACITANCE (pF) 


FREQUENCY (MHz) 


0030-10 
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CY7C901 


Ordering Information 


Read 
Modify- 
Write 
Cycle (ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

23 

CY7C901-23PC 

P17 

Commercial 


CY7C901-23DC 

D18 

Commercial 


CY7C901-23JC 

J67 

Commercial 


CY7C901-23LC 

L67 

Commercial 

27 

CY7C90 1 -27DMB 

D18 

Military 


CY7C901-27LMB 

L67 

Military 

31 

CY7C901-31PC 

P17 

Commercial 


CY7C901-31DC 

D18 

Commercial 


CY7C901-31JC 

J67 

Commercial 


CY7C901-31LC 

L67 

Commercial 

32 

CY7C901-32DMB 

D18 

Military 


CY7C901-32LMB 

L67 

Military 


Pin Configuration 

Top View 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 
DC Characteristics 


Parameters 

Subgroups 

VOH 

1,2,3 

VOL 

1,2,3 

VlH 

1,2,3 

Vil Max. 

1,2,3 

Iix 

1,2,3 

loz 

1,2,3 

isc 

1,2,3 

Icc 

1,2,3 

Icci 

1,2,3 


Cycle Time and Clock Characteristics 


Parameters 

Subgroups 

Minimum Clock LOW Time 

7,8,9,10,11 

Minimum Clock HIGH Time 

7,8,9,10,11 


Combinational Propagation Delays 


Parameters 

Subgroups 

From A, B Address to Y 

7,8,9,10,11 

From A, B Address to F 3 

7,8,9,10,11 

From A, B Address to C n + 4 

7,8,9,10,11 

From A, B Address to G, P 

7,8,9,10,11 

From A, B Address to F = 0 

7,8,9,10,11 

From A, B Address to OVR 

7,8,9,10,11 

From A, B Address to RAMo, 3 

7,8,9,10,11 

From D to Y 

7,8,9,10,11 

From D to F 3 

7,8,9,10,11 

From D to C n + 4 

7,8,9,10,11 

From D to G, P 

7,8,9,10,11 

From D to F = 0 

7,8,9,10,11 

From D to OVR 

7,8,9,10,11 

From D to RAMo, 3 

7,8,9,10,11 

From C n to Y 

7,8,9,10,11 

From C n to F 3 

7,8,9,10,11 


Combinational Propagation Delays (Continued) 


Parameters 

Subgroups 

From C n to C n + 4 

7,8,9,10,11 

From C n to F = 0 

7,8,9,10,11 

From C n to OVR 

7,8,9,10,11 

From C n to RAMo, 3 

7,8,9,10,11 

From I012 to Y 

7,8,9,10,11 

From I012 to F 3 

7,8,9,10,11 

From I012 to C n + 4 

7,8,9,10,11 

From I012 to G, P 

7,8,9,10,11 

From I012 to F — 0 

7,8,9,10,11 

From I012 to OVR 

7,8,9,10,11 

From I012 to RAMo, 3 

7,8,9,10,11 

From I 345 to Y 

7,8,9,10,11 

From I 345 to F 3 

7,8,9,10,11 

From I 345 to C n + 4 

7,8,9,10,11 

From I 345 to G, P 

7,8,9,10,11 

From I 345 to F = 0 

7,8,9,10,11 

From I 345 to OVR 

7,8,9,10,11 

From I 345 to RAMo, 3 

7,8,9,10,11 

From 1678 to Y 

7,8,9,10,11 

From 1678 to RAMo, 3 

7,8,9,10,11 

From 1678 to Qo, 3 

7,8,9,10,11 

From A Bypass ALU to Y 
(I = 2XX) 

7,8,9,10,11 

From Clock to Y 

7,8,9,10,11 

From Clock to F 3 

7,8,9,10,11 

From Clock S~ to C n + 4 

7,8,9,10,11 

From Clock to G, P 

7,8,9,10,11 

From Clock S~ to F = 0 

7,8,9,10,11 

From Clock to OVR 

7,8,9,10,11 

From Clock to RAMo, 3 

7,8,9,10,11 

From Clock S~ to Qo, 3 

7,8,9,10,11 
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Set-up and Hold Times Relative to Clock (CP) Input 


Parameters 

Subgroups 

A, B Source Address 

Set-up Time Before H — ► L 

7,8,9,10,11 

A, B Source Address 

Hold Time After H — > L 

7,8,9,10,11 

A, B Source Address 

Set-up Time Before L — *■ H 

7,8,9,10,11 

A, B Source Address 

Hold Time After L — > H 

7,8,9,10,11 

B Destination Address 

Set-up Time Before H — > L 

7,8,9,10,11 

B Destination Address 

Hold Time After H — * L 

7,8,9,10,11 

B Destination Address 

Set-up Time Before L — * H 

7,8,9,10,11 

B Destination Address 

Hold Time After L — > H 

7,8,9,10,11 

D Set-up Time Before L — * H 

7,8,9,10,11 


Parameters 

Subgroups 

D Hold Time After L — * H 

7,8,9,10,11 

C n Set-up Time Before L — * H 

7,8,9,10,11 

C„ Hold Time After L — ► H 

7,8,9,10,11 

I 012 Set-up Time Before L — * H 

7,8,9,10,11 

I 012 Hold Time After L — * H 

7,8,9,10,11 

I 345 Set-up Time Before L — * H 

7,8,9,10,11 

I 345 Hold Time After L — * H 

7,8,9,10,11 

1678 Set-up Time Before H — > L 

7,8,9,10,11 

1678 Hold Time After H — *■ L 

7,8,9,10,11 

1678 Set-up Time Before L — > H 

7,8,9,10,11 

1678 Hold Time After L — > H 

7,8,9,10,11 

RAMo, RAM 3 , Qo, Q 3 

Set-up Time Before L — * H 

7,8,9,10,11 

RAMo, RAM 3 , Qo, Q 3 

Hold Time After L — ► H 

7,8,9,10,11 
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Features 

• Fast 

— CY7C909/11 has a 30 ns 
(min.) clock to output cycle 
time; commercial and military 

• Low Power 

— Ice (max.) = 55 mA; 
commercial and military 

• Vcc margin 

— 5 V ± 10% 

— All parameters guaranteed 
over commercial and military 
operating temperature range 

• Expandable 

Infinitely expandable in 4-bit 

increments 


• Capable of withstanding greater 
than 2000V static discharge 
voltage 

• Pin compatible and functional 
equivalent to 2909 A/2911 A 

Description 

The CY7C909 and CY7C91 1 are high- 
speed, four-bit wide address sequencers 
intended for controlling the sequence 
of execution of microinstructions con- 
tained in microprogram memory. They 
may be connected in parallel to expand 
the address width in 4 bit increments. 
Both devices are implemented in high 
performance CMOS for optimum 
speed and power. 

The CY7C909 can select an address 
from any of four sources. They are: 


1) a set of four external direct inputs 
(Dj); 2) external data stored in an inter- 
nal register (Rj); 3) a four word deep 
push/pop stack; or 4) a program coun- 
ter register (which usually contains the 
last address plus one). The push/pop 
stack includes control lines so that it 
can efficiently execute nested subrou- 
tine linkages. Each of the four outputs 
(Yi) can be OR’ed with an external in- 
put for condi tional s kip or branch in- 
structions. A ZERO input line forces 
the outputs to all zeros. The outputs 
are three state, controlled by the 
Output Enable (OE) input. 

The CY7C91 1 is an identical circuit to 
the CY7C909, except the four OR in- 
puts are removed and the D and R in- 
puts are tied together. The CY7C91 1 is 
available in a 20-pin, 300-mil package. 
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Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature — 65°C to + 150°C 

Ambient Temperature with 

Power Applied — 55°C to + 125°C 

Supply Voltage to Ground Potential .... —0.5V to + 7.0V 
DC Voltage Applied to Outputs 

in High Z State -0.5V to + 7.0V 

DC Input Voltage - 3.0V to + 7.0V 

Output Current, into Outputs (Low) 30 mA 


Static Discharge Voltage > 2001V 

(per MIL-STD-883 Method 3015) 

Latch-Up Current > 200 mA 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70°C 

5V ± 10% 

Military l3l 

— 55°C to + 125°C 

5V ± 10% 


Electrical Characteristics Over Operating Range M 


Parameters 

Description 

Test Conditions 

Min. 

Max. 

Units 

VOH 

Output HIGH Voltage 

Vcc — Min., Ioh = —2.6 mA (Comm.) 

2.4 


V 

Vcc = Min., Ioh = — 1.0 mA (Mil.) 

2.4 


V 

VOL 

Output LOW Voltage 

Vcc = Min., Iol = 16.0 mA 


0.4 

V 

VlH 

Input High Voltage 


2.0 

Vcc 

V 

Yil 

Input Low Voltage 


-2.0 

0.8 

V 

Iix 

Input Load Current 

GND ^ Vi < V C c 

-10 

+ 10 

ju,A 

loz 

Output Leakage 

Current 

GND <,V 0 £ Vcc 

Output Disabled 

-20 

+ 20 

p A 

los 

Output Short Id 

Circuit Current 

Vcc = Max. 

VoUT = GND 

-30 

-85 

mA 

Icc 

Vcc Operating 

Vcc = Max. 

Commercial 


55 

mA 

Supply Current 

Iout = 0 mA 

Military 


55 

Icci 

Vcc Operating 

Vcc = Max. 

Commercial 


35 

mA 

Supply Current 

Vih ^ 3.0V, Vil ^ 0.4V 

Military 


35 


Capacitance^ 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Qn 

Input Capacitance 

T a = 25°C, f = 1 MHz 

V CC = 5.0V 

5 

pF 

CoUT 

Output Capacitance 

7 


Notes: 


1. Not more than 1 output should be shorted at one time. Duration of 3. Ta is the “instant on” case temperature. 

the short circuit should not exceed 30 seconds. 4 gee the last page of this specification for Group A subgroup testing 

2. Tested initially and after any design or process changes that may information, 

affect these parameters. 


AC Test Loads and Waveforms 


R1 


JIG AND 
SCOPE 


R1 



JIG AND 
SCOPE 


Figure la 


Figure lb 


ALL INPUT PULSES 


3.0V- 

GND ' 
< 5 r 


if" 90% \ 90 % 

3 10% 10% s 


Figure 2 


0042-7 



Commercial 

Military 

Ri 

254H 

258H 

R2 

187H 

216H 
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Switching Characteristics Over Operating Ranged 5] 



7C909-30 

7C911-30 

7C909-30 

7C911-30 

7C909-40 

7C911-40 

7C909-40 

7C911-40 

Units 

Commercial 

Military 

Commercial 

Military 


Minimum Clock Low Time 

15 

15 

20 

20 

ns 

Minimum Clock High Time 

15 

15 

20 

20 

ns 

MAXIMUM COMBINATIONAL PROPAGATION DELAYS 

From Input To: 

Y 

Cn + 4 

Y 

Cn + 4 

Y 

Cn + 4 

Y 

Cn + 4 

ns 

Dj 

17 

18 

18 

19 

17 

22 

20 

25 

ns 

So. Si 

18 

18 

20 

20 

29 

34 

29 

34 

ns 

ORi (7C909) 

16 

16 

17 

17 

17 

22 

20 

25 

ns 

C N 

— 

13 

— 

15 

— 

14 

— 

16 

ns 

ZERO 

18 

18 

20 

20 

29 

34 

30 

35 

ns 

OE Low to Output 

16 

— 

18 

— 

25 

— 

25 

— 

ns 

OE HIGH to HIGH Z&l 

16 

— 

18 

— 

25 

— 

25 

— 

ns 

Clock HIGH, Si, S 0 = LH 

20 

20 

22 

22 

39 

44 

45 

50 

ns 

Clock HIGH, Si, S 0 = LL 

20 

20 

22 

22 

39 

44 

45 

50 

ns 

Clock HIGH, Si, S 0 = HL 

20 

20 

22 

22 

44 

49 

53 

58 

ns 

MINIMUM SET-UP AND HOLD TIMES (All Times Relative to Clock LOW to HIGH Transition) 

From Input 

Set-up 

Hold 

Set-up 

Hold 

Set-up 

Hold 

Set-up 

Hold 


RE 

11 

0 

12 

0 

19 

0 

19 

0 

ns 

Ri [61 

10 

0 

11 

0 

10 

0 

12 

0 

ns 

Push/Pop 

12 

0 

13 

0 

25 

0 

27 

0 

ns 

FE 

12 

0 

13 

0 

25 

0 

27 

0 

ns 

Cn 

10 

0 

11 

0 

18 

0 

18 

0 

ns 

Di 

14 

0 

16 

0 

25 

0 

25 

0 

ns 

ORi (7C909) 

12 

0 

14 

0 

25 

0 

25 

0 

ns 

So. Si 

14 

0 

16 

0 

25 

0 

29 

0 

ns 

ZERO 

12 

0 

13 

0 

25 

0 

29 

0 

ns 


Notes: 

5. Output Loading as in Figure lb. 7. System clock cycle time (Clock Low Time and Clock High Time) 

6. Rj and Dj are internally connected on the CY7C91 1. Use Rj set-up cannot be less than maximum propagation delay, 

and hold times when Dj inputs are used to load register. 

Switching Waveforms 


CLOCK 


INPUT 
(EXCEPT OE) 


OUTPUT 
(Y. C N + 4 ) 


-MIN CLOCK HIGH- 


-MIN CLOCK LOW- 






SET-UP TO CLOCK- 


/ 


HOLD 

TIMES 


yc 


-INPUT TO OUTPUT- 
- CLOCK TO OUTPUT 
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Functional Description 

The tables below define the control logic of the 7C909/91 1. 
Table 1 contains the Multiplexer Control Logic which se- 
lects the address source to appear on the outputs. 


Table 1. Address Source Selection 


OCTAL 

Si 

So 

SOURCE FOR Y OUTPUTS 

0 

L 

L 

Microprogram Counter (ju-PC) 

1 

L 

H 

Address/Holding Register (AR) 

2 

H 

L 

Push-Pop stack (STK) 

3 

H 

H 

Direct inputs (Dj) 


Control of the Push/ Pop Stack is contained in Table 2. 
FILE ENABLE (FE) enables stack operations, while 
Push/Pop (PUP) controls the stack. 


Table 2. Synchronous Stack Control 


FE 

PUP 

PUSH-POP STACK CHANGE 

H 

X 

No change 

L 

H 

Push current PC into stack 



increment stack pointer 

L 

L 

pop stack, decrement stack pointer 


Table 3 illustrate s the O utput Control Logic of the 
7C909/91 1. The ZERO control forces the outputs to zero. 
The OR inputs are OR’ed with the output of the multiplex- 
er. 

Table 3. Output Control 


ORi 

ZERO 

OE 

Yj 

X 

X 

H 

High Z 

X 

L 

L 

L 

H 

H 

L 

H 

L 

H 

L 

Source selected by So Si 


Table 4 defines the effect of So, Si, FE and PUP control 
signals on the 7C909. It illustrates the Address Source on 
the outputs and the contents of the Internal Registers for 
every combination of these signals. The Internal Register 
contents are illustrated before and after the Clock LOW to 
HIGH edge. 


Table 4 


CYCLE 

Si, S 0 , FE, PUP 

pPC 

REG 

STK0 

STK1 



Yout 

COMMENT 

PRINCIPLE 

USE 

N 

N + 1 

0000 

J 

J + 1 

K 

K 

Ra 

Rb 

Rb 

Rc 

Rc 

Rd 

Rd 

Ra 

H 

Pop Stack 

End 

Loop 

N 

N + 1 

000 1 

J 

J + 1 

K 

K 

Ra 

J 

Rb 

Ra 

Rc 

Rb 

Rd 

Rc 

H 

Push juPC 

Set-up 

Loop 

N 

N + 1 

00 1 X 

J 

J + 1 

K 

K 

Ra 

Ra 

Rb 

Rb 

Rc 

Rc 

Rd 

Rd 

H 

Continue 

Continue 

N 

N + 1 

0 100 

J 

K + 1 

K 

K 

Ra 

Rb 

Rb 

Rc 

Rc 

Rd 

Rd 

Ra 

K 

Use AR for Address; 

Pop Stack 

End 

Loop 

N 

N + 1 

0 10 1 

J 

K + 1 

K 

K 

Ra 

J 

Rb 

Ra 

Rc 

Rb 

Rd 

Rc 

K 

Jump to Address in AR; 
Push jaPC 

JSRAR 

N 

N + 1 

0 1 1 X 

J 

K + 1 

K 

K 

Ra 

Ra 

Rb 

Rb 

Rc 

Rc 

Rd 

Rd 

K 

Jump to Address in AR 

JMP AR 

N 

N + 1 

1000 

J 

Ra + 1 

K 

K 

Ra 

Rb 

Rb 

Rc 

Rc 

Rd 

Rd 

Ra 

Ra 

Jump to Address in STK0; 
Pop Stack 

RTS 

N 

N + 1 

100 1 

J 

Ra + 1 

K 

K 

Ra 

J 

Rb 

Ra 

Rc 

Rb 

Rd 

Rc 

Ra 

Jump to Address in STK0; 
Push ju,PC 


N 

N + 1 

101X 

J 

Ra + 1 

K 

K 

Ra 

Ra 

Rb 

Rb 

Rc 

Rc 

Rd 

Rd 

Ra 

Jump to Address in STK0 

Stack Ref 
(Loop) 

N 

N + 1 

1 100 

J 

D + 1 

K 

K 

Ra 

Rb 

Rb 

Rc 

Rc 

Rd 

Rd 

Ra 

D 

Jump to Address on D; 

Pop Stack 

End 

Loop 

N 

N + 1 

110 1 

J 

D + 1 

K 

K 

Ra 

J 

Rb 

Ra 

Rc 

Rb 

Rd 

Rc 

D 

Jump to Address on D; 
Push ju-PC 

JSRD 

N 

N + 1 

1 1 1 X 

J 

D + 1 

K 

K 

Ra 

Ra 

Rb 

Rb 

Rc 

Rc 

Rd 

Rd 

D 

Jump to Address on D 

JMP D 


I = Contents of Microprogram Counter 
fC = Contents of Address Register 
R. a , Rb> R c . Rd = Contents in Stack 
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Functional Description (Continued) 

Two examples of Subroutine Execution appear below. Fig- 
ure 3 illustrates a single subroutine while Figure 4 illus- 
trates two nested subroutines. 

The instruction being executed at any given time is the one 
contained in the microword register (ju,WR). The contents 
of the ftWR also controls the four signals So, Si, FE, and 
PUP. The starting address of the subroutine is applied to 
the D inputs of the 7C909 at the appropriate time. 

In the columns on the left is the sequence of microinstruc- 
tions to be executed. At address J + 2, the sequence con- 
trol portion of the microinstruction contains the command 


“Jump to sub-routine at A”. At the time T 2 , this instruc- 
tion is in the ju,WR, and the 7C909 inputs are set-up to 
execute the jump and save the return address. The subrou- 
tine address A is applied to the D inputs from the jaWR 
and appears on the Y outputs. The first instruction of the 
subroutine, 1(A), is accessed and is at the inputs of the 
p,WR. On the next clock transition, 1(A) is loaded into the 
fiWR for execution, and the return address J + 3 is 
pushed onto the stack. The return instruction is executed at 
T 5 . Figure 4 is a similar timing chart showing one subrou- 
tine linking to a second, the latter consisting of only one 
microinstruction. 


CONTROL MEMORY 


Execute 

Cycle 

Microprogram 

Address 

Sequencer 

Instruction 


J-l 


To 

J 

- 

T] 

J+l 

. 

t 2 

J + 2 

JSR A 

t* 

J + 3 


t 7 

J + 4 


t 3 

A 

1(A) 

t 4 

A+l 


t 5 

A + 2 

RTS 


Execute Cycle 

To 

T, 

Tj 

t 3 

T* 

T S 

t 6 

t 7 

T* 

T» 

Clock 

Signals — 

L 

u 

L 

nj 

~L 

“L 

L 


“L 



Inputs 

(from 

/uWR) 

Si, So 

FE 

PUP 

D 

0 

H 

X 

X 

0 

H 

X 

X 

3 

L 

H 

A 

0 

H 

X 

X 

0 

H 

X 

X 

2 

L 

L 

X 

0 

H 

X 

X 

0 

H 

X 

X 



Internal 

Registers 

jiPC 

STKO 

STK.1 

STK2 

STK3 

J+l 

J + 2 

J + 3 

A+l 

J + 3 

A + 2 

J + 3 

A + 3 

J + 3 

J + 4 

J + 5 



Output 

Y 

J+I 

J + 2 

A 

A+l 

A + 2 

J + 3 

J + 4 

J + 5 



ROM 

Output 

(Y) 

1(3+1) 

JSR A 

1(A) 

I(A+1) 

RTS 

1(3 + 3) 

I(J + 4) 

1(3 + 5) 



Contents 

of>WR 

(Instruction 

being 

executed) 

p.WR 

1(3) 

1(3+1) 

JSR A 

1(A) 

I(A+1) 

RTS 

I(J + 3) 

1(3 + 4) 




Figure 3. Subroutine Execution. C n = HIGH 


CONTROL MEMORY 


Execute 

Cycle 

Microprogram 

Address 

Sequencer 

Instruction 


3-1 

. 

To 

J 

- 

Ti 

J+l 

- 

t 2 

J + 2 

JSR A 

t 9 

J + 3 


Tj 

A 

- 

t 4 

A+l 


t 5 

A + 2 

JSR B 

t 7 

A + 3 


t 8 

A + 4 

RTS 

t 6 

B 

RTS 



0042-10 

Figure 4. Two Nested Subroutines. Routine B is Only One Instruction. C n = high 
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Functional Description (Continued) 

Architecture 

The CY7C909 and CY7C91 1 are CMOS microprogram se- 
quencers for use in high speed processor applications. They 
are cascadable in 4-bit increments. Two devices can ad- 
dress 256 words of microprogram, three can address up to 
4K words, and so on. The architecture of the 
CY7C909/91 1 is illustrated in the logic diagram in Figure 
5. The various blocks are described below. 

Multiplexer 

The Multiplexer is controlled by the So and Si inputs to 
select the address source. It selects either the Direct Inputs 
(Dj), the Address Register (AR), the Microprogram Coun- 
ter (juPC), or the stack (SP) as the source of the next mi- 
croinstruction address. 

Direct Inputs 

The Direct Inputs (D,) allow addresses from an external 
source to be output on the Y outputs. On the CY7C91 1, 
the direct inputs are also the inputs to the Address Regis- 
ter. 

Address Register 

The Address Register (AR) consists of four D- type, edg e- 
triggered fli p-flops which are controlled by the Register 
Enable (RE) input. When Register Enable is LOW, new 
data is entered into the register on the LOW to HIGH 
clock transition. 

Microprogram Counter 

The Microprogram Counter (juPC) is composed of a 4-bit 
incrementer followed by a 4-bit register. The incrementer 
has a Carry-in (Cn) input and a Carry-out (Cn + 4 ) output 
to facilitate cascading. The Carry-in input controls the mi- 
croprogram counter. When Carry-in is HIGH the incre- 
menter counts sequentially. The counter register is loaded 
with the current Y output plus one (Y + 1 — > juPC) on 
the next clock cycle. When Carry-in is LOW the incremen- 
ter does not count. The microprogram counter register is 


CY7C909 

CY7C911 


loaded with the same Y output (Y — > jiiPC) on the next 
clock cycle. 

Stack 

The Stack consists of a 4 x 4 memory array and a built-in 
Stack Pointer (SP) which always points to the last word 
written. The Stack is used to store return addresses when 
executing microsubroutines. 

The Stack Point er is an up/down counter controlle d by 
File En able (FE) and Push/Pop (PUP) inputs. The File 
Enable input allows stack operations only when it is LOW. 
The Push/Pop input controls the stack pointer position. 

The PUSH operation is initiated at the begin ning of a mi - 
crosubroutine. Push/Pop is set HIGH while File Enable is 
kept LOW. The stack pointer is incremented and the mem- 
ory array is written with the microinstruction address fol- 
lowing the subroutine jump that initiated the push. 

The POP operation is initiated at the end of a microsub- 
routine to o btain the return address. Both Push/Pop and 
File Enable are set LOW. The return address is already 
available to the multiplexer. The stack pointer is decre- 
mented on the next LOW to HIGH clock transition, effec- 
tively removing old information from the top of the stack. 
The stack is configured so that data will roll-over if more 
than four POPs are performed, thus preventing data from 
being lost. 

The contents of the memory position pointed to by the 
Stack Pointer is always available to the multiplexer. Stack 
reference operations can thus be performed without a push 
or a pop. Since the stack is four words deep, up to four 
microsubroutines can be nested. 

The ZERO input resets the four Y outputs to a binary zero 
state. The OR inputs (7C909 only) are connected to the Y 
outputs such that any output can be set to a logical one. 

The Outp ut Enable (OE) input controls the Y outputs. A 
HIGH on Output Enable sets the outputs into a high im- 
pedance state. 


Definition of Terms 


Name 

Description 

INPUTS 

Si, So 

Multiplexer Control Lines, for Access Source Selection 

FE 

File Enable, Enables Stack Operation, Active LOW 

PUP 

Push/Pop, Selects Stack Operation 

RE 

Register Enable, Enables Address Register Active LOW 

ZERO 

Forces Output to Logical Zero 

OE 

Output Enable, Controls Three-State Outputs Active LOW 

ORj 

Logic OR Input to each Address Output Line (7C909 only) 

C n 

Carry-In, Controls Microprogram Counter 

Ri 

Inputs to the Internal Address Register 

Di 

Direct Inputs to the Multiplexer 

CP 

Clock Input 
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Definition of Terms (Continued) 


Name 

Description 

OUTPUTS 

Yj 

Address Outputs 

Cn + 4 

Carry-Out from Incrementer 

INTERNAL SIGNALS 

juPC 

Contents of the Microprogram Counter 

AR 

Contents of the Address Register 

STKO- 

STK3 

Contents of the Push/Pop Stack 

SP 

Contents of the Stack Pointer 

EXTERNAL SIGNALS 

A 

Address to the Counter Memory 

1(A) 

Instruction in Control Memory at Address A 

jnWR 

Contents of the Microword Register at the 

Output of the Control Memory 

t n 

Time Period (Cycle) n 
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Typical DC and AC Characteristics 
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Ordering Information 


Clock 

Cycle 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

30 

CY7C909-30PC 

P15 

Commercial 

40 

CY7C909-40PC 

P15 

Commercial 

30 

CY7C909-30JC 

J64 

Commercial 

40 

CY7C909-40JC 

J64 

Commercial 

30 

CY7C909-30DC 

D16 

Commercial 

40 

CY7C909-40DC 

D16 

Commercial 

40 

CY7C909-40LC 

L64 

Commercial 

30 

CY7C909-30DMB 

D16 

Military 

40 

CY7C909-40DMB 

D16 

Military 

40 

C Y7 C909-40LMB 

L64 

Military 


CY7C909 

CY7C911 


Clock 

Cycle 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

30 

CY7C911-30PC 

P5 

Commercial 

40 

CY7C911-40PC 

P5 

Commercial 

30 

CY7C911-30JC 

J61 

Commercial 

40 

CY7C911-40JC 

J61 

Commercial 

30 

CY7C911-30DC 

D6 

Commercial 

40 

CY7C911-40DC 

D6 

Commercial 

40 

CY7C911-40LC 

L61 

Commercial 

30 

CY7C91 1-30DMB 

D6 

Military 

40 

CY7C91 1-40DMB 

D6 

Military 

40 

CY7C91 1-40LMB 

L61 

Military 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Parameters 

Subgroups 

VoH 

1,2,3 

VOL 

1,2,3 

VlH 

1,2,3 

Vjl Max. 

1,2,3 

Iix 

1,2,3 

loz 

1,2,3 

los 

1,2,3 

Icc 

1,2,3 

Icci 

1,2,3 
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Switching Characteristics 


Parameters 

Subgroups 

Minimum Clock Low Time 

7,8,9,10,11 

Minimum Clock High Time 

7,8,9,10,11 

MAXIMUM COMBINATIONAL 
PROPAGATION DELAYS 

D, to Y 

7,8,9,10,11 

Dj to Cn + 4 

7,8,9,10,11 

So, Sj to Y 

7,8,9,10,11 

So, Sj to Cn+4 

7,8,9,10,11 

OR; (7C909) to Y 

7,8,9,10,11 

OR; (7C909) to Cn + 4 

7,8,9,10,11 

Cn to Cn+4 

7,8,9,10,11 

ZERO to Cn +4 

7,8,9,10,11 

Clock High, So, Si = LH 
toY 

7,8,9,10,11 

Clock High, S 0 , Si = LH 
to Cn +4 

7,8,9,10,11 

Clock High, S 0 , Si = LL 
toY 

7,8,9,10,11 

Clock High, So, Si = LL 
to Cn+4 

7,8,9,10,11 

Clock High, S 0 , Si = HL 
toY 

7,8,9,10,11 

Clock High, S 0 , Si = HL 
to Cn+4 

7,8,9,10,11 


Document #: 38-00015-B 


Parameters 

Subgroups 

MINIMUM SET-UP AND 

HOLD TIMES 

RE Set-up Time 

7,8,9,10,11 

RE Hold Time 

7,8,9,10,11 

Push/Pop Set-up Time 

7,8,9,10,11 

Push/Pop Hold Time 

7,8,9,10,11 

FE Set-up Time 

7,8,9,10,11 

FE Hold Time 

7,8,9,10,11 

Cn Set-up Time 

7,8,9,10,11 

Cn Hold Time 

7,8,9,10,11 

D; Set-up Time 

7,8,9,10,11 

D; Hold Time 

7,8,9,10,11 

ORi (7C909) Set-up Time 

7,8,9,10,11 

ORi (7C909) Hold Time 

7,8,9,10,11 

So, Si Set-up Time 

7,8,9,10,11 

So, Si Hold Time 

7,8,9,10,11 

ZERO Set-up Time 

7,8,9,10,11 

ZERO Hold Time 

7,8,9,10,11 
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CYPRESS 
SEMICONDUCTOR 


Features 


CMOS Microprogram 
Controller 


• Fast 

— CY7C910-40 has a 40 ns 
(min.) clock cycle; 
commercial 

— CY7C910-46 has a 46 ns 
(min.) clock cycle; military 

• Low power 

— Ice (max.) = 70 mA 

• Vcc margin 5V ± 10% 
commercial and military 

• Sixteen powerful 
microinstructions 

• Three output enable controls 
for three-way branch 

• Twelve-bit address word 

• Four sources for addresses: 
microprogram counter (MPC), 
stack, branch address bus, 
internal holding register 

• 12-bit internal loop counter 

• Internal 17-word by 12-bit stack 
The internal stack can be used 


for subroutine return address or 
data storage 

• ESD protection 

Capable of withstanding over 
2000V static discharge voltage 

• Pin compatible and functional 
equivalent to AM2910A 

Functional Description 

The CY7C910 is a stand-alone micro- 
program controller that selects, stores, 
retrieves, manipulates and tests ad- 
dresses that control the sequence of ex- 
ecution of instructions stored in an ex- 
ternal memory. All addresses are 12-bit 
binary values that designate an abso- 
lute memory location. 

The CY7C910, as illustrated in the 
block diagram, consists of a 17-word 
by 12-bit LIFO (Last-In-First-Out) 
stack and SP (Stack Pointer), a 12-bit 
RC (Register/Counter), a 12-bit MPC 
(Microprogram Counter) and incre- 
menter, a 12-bit wide by 4-input multi- 


plexer and the required data manipula- 
tion and control logic. 

The operation performed is determined 
by four input instruction lines (10-13) 
that in turn select the (internal) source 
of the next micro-instruction to be 
fetched. This address is output on the 
YO-Y 1 1 pins. T wo additional inputs 
(CC and CCEN) are provided that are 
examined during certain instructions 
and enable the user to make the execu- 
tion of the instruction either uncondi- 
tional or dependent upon an external 
test. 

The CY7C910 is a pin compatible, 
functional equivalent, improved per- 
formance replacement for the 
AM2910A. 

The CY7C910 is fabricated using an 
advanced 1.2 m icron CMOS process 
that eliminates latchup, results in ESD 
protection of over 2000 volts and 
achieves superior performance and low 
power dissipation. 



Clock Cycle 
(Min.) in ns 

Stack 

Depth 

Operating Range 

Part Number 

40 

17 words 

Commercial 

CY7C9 10-40 

46 

17 words 

Military 

CY7C9 10-46 

50 

17 words 

Commercial 

CY7C9 10-50 

51 

17 words 

Military 

CY7C910-51 

93 

17 words 

Commercial 

CY7C9 10-93 

99 

17 words 

Military 

CY7C9 10-99 
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Pin Definitions 


Signal 

Name 

I/O 

Description 

D0-D11 

I 

Direct inputs to the RC (Register/ 
Counter) and multiplexer. DO is LSB 
and Dll is MSB. 

RLD 

I 

Register load. Control input to RC that, 
when LOW, loads data on the D0-D1 1 
pins into RC on the LOW to HIGH 
clock (CP) transition. 

10-13 

I 

Instruction inputs that select one of 
sixteen instructions to be performed by 
the CY7C910. 

cc 

I 

Control input that, when LOW, 
signifies that a test has passed. 

CCEN 

I 

Enable for CC input. When HIGH CC 
is ignored and a pass is forced. When 
LOW the state of CC is examined. 

CP 

I 

Clock input. All internal states are 
changed on the LOW to HIGH clock 
transitions. 


CY7C910 


Signal 

Name 

I/O 

Description 

Cl 

I 

Carry input to the LSB of the 
incrementer for the MPC. 

OE 

I 

Control for Y0-Y11 outputs. LOW to 
enable; High to disable. 

Y0-Y11 

0 

Address output to microprogram 
memory. Y0 is LSB and Yll is MSB. 

FULL 

o 

When LOW indicates the stack is full. 

PL 

o 

When LOW selects the pipeline register 
as the direct input (D0-D11) source. 

MAP 

o 

When LOW selects the Mapping 
PROM (or PLA) as the direct input 
source. 

vect 

o 

When LOW selects the Interrupt 
Vector as the direct input source. 
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Architecture of the CY7C910 

Introduction 

The CY7C910 is a high performance CMOS microprogram 
controller that produces a sequence of 12-bit addresses that 
control the execution of a microprogram. The addresses 
are selected from one of four sources, depending upon the 
(internal) instruction being executed (10-13), and other ex- 
ternal inputs. The sources are (1) the (external) D0-D1 1 
inputs, (2) the RC, (3) the stack and (4) the MPC. Twelve 
bit lines from each of these four sources are the inputs to a 
multiplexer, as shown in Figure 1, whose outputs are ap- 
plied to the inputs of the Y0-Y1 1 three-state output driv- 
ers. 

External Inputs: D0-D11 

The external inputs are used as the source for destination 
addresses for the jump or branch type of instructions. 

These are shown as Ds in the two columns in the Table of 
Instructions. A second use of these inputs is to load the 
RC. 

Register Counter: RC 

The RC is implemented as 12 D-type, edge- triggered flip- 
flops that are synchronously clocked on the LOW to 
HIGH transition of the clock, CP. The data on the D in- 
puts is synchronously loaded into the RC when the load 
control input, RLD, is LOW. The output of the RC is 
available to the multiplexer as its R input and is output on 
the Y outputs during certain instructions, as shown by R in 
the Table of Instructions. 

The RC is operated as a 12-bit down counter and its con- 
tents decremented and tested if zero during instructions 8, 

9 and 15. This enables micro-instructions to be repeated up 
to 4096 times. The RC is arranged such that if it is loaded 
with a number, N, the sequence will be executed exactly 
N + 1 times. 

The Stack and Stack Pointer: SP 

The 17-word by 12-bit stack is used to provide return ad- 
dresses from micro-subroutines or from loops. Intergal to it 
is a SP, which points to (addresses) the last word written. 


This permits reference to the data on the top of the stack 
without having to perform a POP operation. 

The SP operates as an up/down counter that is increment- 
ed when a PUSH operation (instructions 1, 4 or 5) is per- 
formed or decremented when a POP operation (instruc- 
tions 8, 10, 11, 13 or 15) is performed. The PUSH opera- 
tion writes the return address on the stack and the POP 
operation effectively removes it. The actual operation oc- 
curs on the LOW to HIGH clock transition following the 
instruction. 

The stack is initialized by executing instruction zero 
(JUMP TO LOCATION 0 or RESET). Every time a 
“jump to subroutine” instruction (1, 5) or a loop instruc- 
tion (4) is executed, the return address is PUSHed onto the 
stack; and every time a “return from subroutine (or loop)” 
instruction is executed, the return address is POPed off the 
stack. 

When one subroutine calls another or a loop occurs within 
a loop (or a combination), which is called nesting, the Log- 
ical depth of the stack increases. The phy sical st ack depth 
is 17 words. When this depth occurs, the FULL signal goes 
LOW on the next LOW to HIGH clock transition. Any 
further PUSH operations on a full stack will cause the data 
at that location to be over-written, but will not increment 
the SP. Similarily, performing a POP operation on a empty 
stack will not decrement the SP and may result in non- 
meaningful data being available at the Y outputs. 

The Microprocessor Counter: MPC 

The MPC consists of a 12-bit incrementer followed by a 
12-bit register. The register usually holds the address of the 
instruction being fetched. When sequential instructions are 
fetched, the carry input (Cl) to the incrementer is HIGH 
and one is added to the Y outputs of the multiplexer, which 
is loaded into the MPC on the next LOW to HIGH clock 
transition. When the Cl input is LOW, the Y outputs of 
the multiplexer are loaded directly into the MPC, so that 
the same instruction is fetched and executed. 
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Maximum Ratings 


(Above which the useful life may be impaired. For user guidelines, not tested.) 

Storage Temperature — 65° C to + 150°C 

Ambient Temperature with 


Power Applied — 55°C to + 125°C 

Supply Voltage to Ground Potential 

(Pin 10 to Pin 30) -0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State —0.5V to + 7.0V 

DC Input Voltage - 3.0V to + 7.0V 

Output Current into Outputs (Low) 30 mA 


Static Discharge Voltage > 2001V 

(Per MIL-STD-883 Method 3015) 

Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to +70°C 

5V ± 10% 

Military! 3 ! 

— 55°C to + 125°C 

5V + 10% 


Electrical Characteristics Over Commercial and Military Operating Range, Vcc Min. = 4.5V, Vcc Max. = 5.5V [4] 


Parameter 

Description 

Test Condition 

Min. 

Max. 

Units 

VoH 

Output HIGH Voltage 

Vcc = Min. 

I OH = —1.6 mA 

2.4 


V 

V 0L 

Output LOW Voltage 

Vcc = Min. 

IOL = 12 mA 


0.4 

V 

VlH 

Input HIGH Voltage 


2.0 

Vcc 

V 

VlL 

Input LOW Voltage 


-3.0 

0.8 

V 

IlH 

Input HIGH Current 

Vcc = Max. 

VlN = Vcc 


10 

fiA 

IlL 

Input LOW Current 

Vcc = Max. 

VlN = Vss 


-10 

ju.A 

lOH 

Output HIGH Current 

Vcc = Min. 

Vih = 2.4V 

-1.6 


mA 

IOL 

Output LOW Current 

Vcc = Min. 

V 0 L = 0.4V 

12 


mA 

loz 

Output Leakage Current 

Vcc — Max. 

VoUT = Vss/Vcc 

-40 

+ 40 

fiA 

ju.A 

isc 

Output Short Circuit Current 

Vcc = Max. 

Vout = ov 


-85 

mA 

Icc 

Supply Current 

Commercial 

Vcc = Max. 


70 

mA 

Military 

90 

Icci 

Supply Current 

Commercial 

Vih ^ 3.85V, Vil <; 0.4V 


35 

mA 

Military 

50 


Capacitance ^ 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Qn 

Input Capacitance 

Ta = 25°C, f = 1 MHz 

Vcc = 5.0V 

8 

pF 

CoUT 

Output Capacitance 

10 

pF 


Notes: 

1. Not more than one output should be tested at a time. Duration of the 3. Ta is the “instant on” case temperature. 

short circuit should not exceed one second. 4. See the last page of this specification for Group A subgroup testing 

2. Tested initially and after any design or process changes that may information, 

affect these parameters. 


Output Load used for AC Performance 
Characteristics 

All Outputs 


+5 V 



Notes: ~ 0041 _4 

1. Cl = 50 pF includes scope probe, writing and stray capacitance. 

2. Cl = 5 pF for output disable tests. 


Switching Waveforms 



INPUTS 

> 




( 1.5V 

3.0V 


U SETUP TIME 4«-»; 

- HOLD TIME 

CLOCK \ i.5V 

\ 

/ 



■*- CLOCK TO OUT 

INPUT TO 
OUTPUT -*• 
DELAY 

PUT DELAY -► 



OUTPUTS 


_J 

( 1.5V 


0041 -5 
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CY7C910 


Guaranteed AC Performance Characteristics 

The tables below specify the guaranteed AC performance 
of the CY7C910 over the commercial (0°C to + 70° C) and 
the military ( — 55°C to + 125°C) temperature ranges with 
Vcc varying from 4.5V to 5.5V. All times are in nanosec- 
onds and are measured between the 1.5 V signal levels. 


Clock Requirements 3 ] 



Commercial 

Military 

CY7C910- 

40 

50 

93 

46 

51 

99 

Minimum Clock LOW 

20 

20 

50 

23 

25 

58 

Minimum Clock HIGH 

20 

20 

35 

23 

25 

42 

Minimum Clock Period I = 14 

40 

50 

93 

46 

51 

100 

Minimum Clock Period 

I = 8, 9, 15 

40 

50 

113 

46 

51 

114 


The inputs switch between 0V and 3 V with signal tran- 
sition rates of 1 Volt per nanosecond. All outputs have 
maximum DC current loads. 


Combinatorial Propagation Delays. Cl = 50 pF^ 






Commercial 









Military 




From Input 


Y 


PL, 

VECT, MAP 

FULL 


Y 


PL, 

VECT, MAP 

FULL 

CY7C910- 

a 


m 

40 

50 

93 

□ 


m 

m 

□ 

m 

46 

51 

99 

m 

□ 

m 

D0-D11 

17 

20 


— 

— 

— 




21 

25 

25 

— 

— 





10-13 

25 

35 


20 

30 

51 




30 

40 

54 

25 

35 

58 




cc 

22 

30 

30 

— 

— 

— 


ft 


27 

36 

35 

— 

— 

— 




CCEN 

22 

30 

30 

— 

— 

— 




27 

36 

37 

— 

— 

— 




CP 



















I = 8, 9, 15 
(Note 2) 

30 

40 

75 


■ 


25 

31 

60 

35 

46 

77 

9 

9 


30 

| 

67 

CP 

All Other I 

30 

40 

55 

— 

H 


25 

31 

60 

35 

46 

61 

— 

H 

B 

30 

35 

67 

OE 

P 

P 

35 

— 




i9 


22 

B 

El 

— 


— 



B 

(Note 2) 

H 


30 

— 



M 


H 

22 



— 


— 



9 


Minimum Set-Up and Hold Times Relative to clock LOW to HIGH Transition. Cl = 50 pFl3] 



Commercial 

Military 

Input 

Set-Up 

Hold 

Set-Up 

Hold 

CY7C910- 

40 

50 

93 

40 

50 

93 

46 

51 

99 

46 

51 

99 

DI — ► RC 

13 

16 

24 

0 

0 

0 

13 

16 

28 

0 

0 

0 


20 

30 

58 

0 

0 

0 

20 

30 

62 

0 

0 

0 

10-13 

25 

35 

75 

0 

0 

0 

27 

38 

mm. 

0 

0 

0 

CC 

20 

24 

63 

0 

0 

0 

25 

35 

EB 

0 

0 


CCEN 

20 

24 

63 

0 

0 

0 

25 

35 

63 

0 

0 

0 

Cl 

15 

18 

46 

0 

0 

0 

15 

18 

58 

0 

0 

0 

RLD 

15 

19 

36 

0 

0 

0 

15 

20 

42 

0 

0 

0 


Notes: 

1. A dash indicates that a propagation delay path or set-up time does not 
exist. 


2. The enable/disable times are measured to a 0.5 Volt change on the 
output voltage level with Cl = 5 pF. 

3. See the last page of this specification for Group A subgroup testing 
information. 
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SEMICONDUCTOR 


CY7C910 


Table of Instructions 





Reg/ 

Result 

I 3 -I 0 

Mnemonic 

Name 

Cntr 

Fail 

Pass 

Reg/ 

Cntr 


Con- 

CCEN = LandCC = H 

CCEN = H or CC = L 

Enable 




tents 

Y 

Stack 

Y 

Stack 

0 

JZ 

Jump Zero 

X 

0 

Clear 

0 

Clear 

Hold 

PL 

1 

CJS 

Cond JSB PL 

X 

PC 

Hold 

D 

Push 

Hold 

PL 

2 

JMAP 

Jump Map 

X 

D 

Hold 

D 

Hold 

Hold 

Map 

3 

CJP 

Cond Jump PL 

X 

PC 

Hold 

D 

Hold 

Hold 

PL 

4 

PUSH 

Push/Cond LD CNTR 

X 

PC 

Push 

PC 

Push 

(Note 1) 

PL 

5 

JSRP 

Cond JSB R/PL 

X 

R 

Push 

D 

Push 

Hold 

PL 

6 

CJV 

Cond Jump Vector 

X 

PC 

Hold 

D 

Hold 

Hold 

Vect 

7 

JRP 

Cond Jump R/PL 

X 

R 

Hold 

D 

Hold 

Hold 

PL 

8 

RFCT 

Repeat Loop, 

=*0 

F 

Hold 

F 

Hold 

Dec 

PL 

CNTR ¥* 0 


PC 

POP 

PC 

Pop 

Hold 

PL 

9 

RPCT 

Repeat PL, 

^0 

D 

Hold 

D 

Hold 

Dec 

PL 

CNTR ¥* 0 

= 0 

PC 

Hold 

PC 

Hold 

Hold 

PL 

10 

CRTN 

Cond RTN 

X 

PC 

Hold 

F 

Pop 

Hold 

PL 

11 

CJPP 

Cond Jump PL & Pop 

X 

PC 

Hold 

D 

Pop 

Hold 

PL 

12 

LDCT 

LD Cntr & Continue 

X 

PC 

Hold 

PC 

Hold 

Load 

PL 

13 

LOOP 

Test End Loop 

X 

F 

Hold 

PC 

Pop 

Hold 

PL 

14 

CONT 

Continue 

X 

PC 

Hold 

PC 

Hold 

Hold 

PL 

15 

TWB 

Three-Way Branch 

¥=0 

F 

Hold 

PC 

Pop 

Dec 

PL 

= 0 

D 

Pop 

PC 

Pop 

Hold 

PL 


Notes: 

1. If CCEN = L and CC = H, hold; else load. H = HIGH L = LOW X = Don’t Care 
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CY7C910 CMOS Microprogram Controller 


CY7C910 Flow Diagrams 
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One Level Pipeline Based Architecture (Recommended) 


MAP 




72 ns CYCLE TIME ► 

r 

CLOCK \ 7 

PIPFI INF CY7r<H0 

L 

-*—12 ns-*-j 

\ 7 

(CLOCK TO REGISTER OUTPUT) 

REGISTER • INSTRUCTION XXXXX 





-18 ns (MUX SELECT TO OUTPUT) 


mux . CY7C910 YYYYYYW 

output nr input AAAAAAAA 




L* 22 ns *| 

(CC TO Y) 


C S°T xxxxxxxxxxxxxxxxxxx 



(PROM ADDRESS SETUP TIME) 

r* 20 ns — 



MICROPROGRAM 

MEMORY 

OUTPUT 


xxxxxxxxxxxmyyyyyyyyyyxyyyyy' 
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NORMALIZED FREQUENCY NORMALIZED I 
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SEMicaroucra? 


CY7C910 


Typical DC and AC Characteristics 


NORMALIZED SUPPLY CURRENT 



4.0 45 5.0 55 6.0 


NORMALIZED SUPPLY CURRENT 



’ -55 25 125 


OUTPUT SOURCE CURRENT 
vs. OUTPUT VOLTAGE 

60 
50 
40 
30 
20 
10 
0 

0 1.0 2.0 3.0 4.0 



SUPPLY VOLTAGE (V) 


AMBIENT TEMPERATURE (°C) 


OUTPUT VOLTAGE (V) 


NORMALIZED FREQUENCY 
vs. SUPPLY VOLTAGE 



4.0 4.5 5.0 5.5 6.0 


NORMALIZED FREQUENCY 
vs. AMBIENT TEMPERATURE 



-55 25 125 



SUPPLY VOLTAGE (V) 


AMBIENT TEMPERATURE (°C) 


OUTPUT VOLTAGE (V) 


3 


UJ 

Q 


OL 

O 


NORMALIZED OUTPUT DELAY 
vs. OUTPUT LOADING 



NORMALIZED I C c 



0 5 10 15 20 25 30 35 


CAPACITANCE (pF) 


FREQUENCY (MHz) 
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Ordering Information 


Clock 

Cycle 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

40 

CY7C910-40PC 

P17 

Commercial 

CY7C910-40DC 

D18 

CY7C910-40JC 

J67 

CY7C910-40LC 

L67 

46 

CY7C9 10-46DMB 

D18 

Military 

CY7C910-46LMB 

L67 

50 

CY7C910-50PC 

P17 

Commercial 

CY7C910-50DC 

D18 

CY7C910-50JC 

J67 

CY7C910-50LC 

L67 

51 

CY7C910-51DMB 

D18 

Military 

CY7C910-51LMB 

L67 

93 

CY7C910-93PC 

P17 

Commercial 

CY7C910-93DC 

D18 

CY7C9 10-93 JC 

J67 

CY7C910-93LC 

L67 

99 

CY7C9 10-99DMB 

D18 

Military 

CY7C910-99LMB 

L67 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 


Parameters 

Subgroups 

VOH 

1,2,3 

VOL 

1,2,3 

Vffl 

1,2,3 

Vjl Max. 

1,2,3 

IlH 

1,2,3 

IlL 

1,2,3 

lOH 

1,2,3 

lOL 

1,2,3 

loz 

1,2,3 

isc 

1,2,3 

icc 

1,2,3 

Icci 

1,2,3 


Clock Requirements 


Parameters 

Subgroups 

Minimum Clock LOW 

7,8,9,10,11 


Minimum Set-up and Hold Times 


Parameters 

Subgroups 

DI — *■ RC Set-up Time 

7,8,9,10,11 

DI — ► RC Hold Time 

7,8,9,10,11 

DI — *■ MPC Set-up Time 

7,8,9,10,11 

DI — ► MPC Hold Time 

7,8,9,10,11 

10-13 Set-up Time 

7,8,9,10,11 

10-13 Hold Time 

7,8,9,10,11 

CC Set-up Time 

7,8,9,10,11 

CC Hold Time 

7,8,9,10,11 

CCEN Set-up Time 

7,8,9,10,11 

CCEN Hold Time 

7,8,9,10,11 

Cl Set-up Time 

7,8,9,10,11 

Cl Hold Time 

7,8,9,10,11 

RLD Set-up Time 

7,8,9,10,11 

RLD Hold Time 

7,8,9,10,11 


Combinational Propagation Delays 


Parameters 

Subgroups 

From D0-D11 to Y 

7,8,9,10,11 

From 10-13 to Y 

7,8,9,10,11 

From 10-13 to PL, VECT, MAP 

7,8,9,10,11 

From CC to Y 

7,8,9,10,11 

From CCEN to Y 

7,8,9,10,11 

From CP (I = 8,9,15) to FULL 

7,8,9,10,11 

From CP (All Other I) to Y 

7,8,9,10,11 

From CP (All Other I) to FULL 

7,8,9,10,11 


Document #: 38-00016-B 
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Features 

• Fast 

— CY7C9101-30 has a 30 ns 
(max.) clock cycle 
(commercial) 

— CY7C9101-35 has a 35 ns 
(max.) clock cycle (military) 

• Low Power 

— Ice (max. at 

10 MHz) = 60 mA 
(commercial) 

— Ice (max. at 

10 MHz) = 85 mA 
(military) 

• Vcc Margin 
— 5V ± 10% 

• All parameters guaranteed over 
commercial and military 
operating temperature range 

• Replaces four 2901’s with carry 
look-ahead logic 

• Eight Function ALU 

— Performs three arithmetic 
and five logical operations 
on two 16-bit operands 


• Expandable 

— Infinitely expandable in 
16-bit increments 

• Four Status Flags 

— Carry, overflow, negative, 
zero 

• ESD Protection 

— Capable of withstanding 
greater than 2000V static 
discharge voltage 

• Pin compatible and functionally 
equivalent to AM29C101 

Functional Description 

The CY7C9101 is a high-speed, ex- 
pandable, 16-bit wide ALU slice which 
can be used to implement the arithme- 
tic section of a CPU, peripheral con- 
troller, or programmable controller. 
The instruction set of the CY7C9101 is 
basic, yet so versatile that it can emu- 
late the ALU of almost any digital 
computer. 


The CY7C9101, as shown in the block 
diagram, consists of a 16- word by 
16-bit dual-port RAM register file, a 
16-bit ALU, and the necessary data 
manipulation and control logic. 

The function performed is determined 
by the nine-bit instruction word (Is to 
Io) which is usually input via a micro- 
instruction register. 

The CY7C9101 is expandable in 16-bit 
increments, has three-state data out- 
puts as well as flag outputs, and can 
implement either a full look-ahead car- 
ry or a ripple carry. 

The CY7C9101 is a pin compatible, 
functional equivalent of the Am29C101 
with improved performance. The 
7C9101 replaces four 2901’s and in- 
cludes on-chip carry look-ahead logic. 

Fabricated in an advanced 1.2 micron 
CMOS process, the 7C9101 eliminates 
latchup, has ESD protection greater 
than 2000V, and achieves superior per- 
formance with low power dissipation. 



Pin Configuration 


Top View 
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CY7C9101 


Top View 



CY7C9101 Pinout for 68PGA 

NC = No Connect 
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Selection Guide 




7C91 

7C911 

Minimum Clock 

Commercial 

30 

Cycle (ns) 

Military 

35 

Maximum Operating 

Commercial 

60 

Current at 10 MHz (mA) 

Military 

85 



Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature — 65°C to + 150°C Static Discharge Voltage .... 

Ambient Temperature with < Per MIL-STD-883 Method 30. 

Power Applied — 55°C to + 125°C Latchup Current (Outputs) 


Supply Voltage to Ground 

Potential —0.5 V to +7.0V 

DC Voltage Applied to Outputs 

in High Z State -0.5V to + 7.0V 

DC Input Voltage - 3.0V to + 7.0V 

Output Current into Outputs (Low) 30 mA 


Pin Definitions 


Signal 

Name 


I/O 


Description 


A 3-0 


B 3-0 


18-0 


D 15 -O 


I RAM Address A. This 4-bit address word selects 
one of the 16 registers in the register file for 
output on the (internal) A-port. 

I RAM Address B. This 4-bit address word selects 
one of the 16 registers in the register file for 
output on the (internal) B-port. When data is 
written back to the register file, this is the 
destination address. 

I Instruction Word. This nine-bit word is decoded 
to determine the ALU data sources (Io, 1 , 2 ). the 
ALU operation (U ; 4 , 5 ), and the data to be 
written to the Q-register or register file (16, 7 , s)- 

I Direct Data Input. This 16-bit data word may be 
selected by the Io, 1, 2 lines as an input to the 
ALU. 


Yis-0 I 


OE I 


CP I 


Ql5> 

RAM 15 I/O 


Data Output. These are three-state data output 
lines which, when enabled, output either the 
ALU result or the data in the A latch, as 
determined by the code on 1 ^ 7 , 8 - 
Output Enable. This is an active LOW input 
which controls the Yis_o outputs. A HIGH level 
on this signal places the output drivers at the high 
impedance state. 

Clock. The LOW level of CP is used to write data 
to the RAM register file. A HIGH level of CP 
writes data from the dual port RAM to the A and 
B latches. The operation of the Q register is 
similar; data is entered into the master latch on 
the LOW level of CP and transferred from master 
to slave during CP = HIGH. 

These two lines are bidirectional and are 
controlled by L, 7 , 8 - They are three-state output 
drivers connected to the TTL compatible CMOS 
inputs. 


Operating Range 


Range 

Ambient 

Temperature 

Commercial 

0°C to + 70°C 

Military! 1 ! 

— 55°C to + 125°C 

Note: 


1 . Ta is the “instant on” case temperature. 

Signal 

Name 

Description 


Q 1 5 , Output Mode: When the destinat ion 

RAM 15 I/O 4, 7, 8 indicates a left shift (UP) opei 
(Cont.) three-state outputs are enabled and ti 
the Q register is output on the Qi 5 pi 
likewise, the MSB of the ALU outpui 
output on the RAM 1 5 pin. 

Input Mode: When the destination co 
a right shift (DOWN), the pins are th< 
inputs to the MSB of the Q register an 
RAM, respectively. 

Qo, These two lines are bidirectional and f 

RAMo I/O similarly to the Q 15 and RAM 15 lines. 

and RAMo hues are the LSB of the Q 1 
and the RAM. 

C n I Carry In. The carry in to the internal / 
C n + 16 O Carry Out. The carry out from the inte 
G, P O Carry Generate, Carry Propagate. Out 
the ALU which may be used to perforn 
look-ahead operation over the 16-bits ol 
ALU. 


OVR 


F = 0 


FlS 


O Overflow. This signal is the logical exch 
of the carry-in and carry-out of the MSI 
ALU. This indicates when the result of 1 
operation exceeded the capacity of the n 
two’s complement number range. It is vt 
for the sign bit. 

O Zero Detect. Open drain output which g 
HIGH when the data on outputs (F] 5 _o) 
LOW. It indicates that the result of an A 
operation is zero (positive logic assumed) 
O Sign. The MSB of the ALU output. 
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Table 3. ALU Destination Control 


6 


X = Don’t care. Electrically, the input shift pin is a TTL input internally connected to a three-state output which is in the high-impedance state. 
A = Register Addressed by A inputs. 

B = Register Addressed by B inputs. 

UP is toward MSB, DOWN is toward LSB. 


Mnemonic 

Micro Code 

RAM Function 

Q-Reg. 

Function 

Y 

Output 

RAM 

Shifter 

Q Shifter 

Is 

B 

h 

Octal 

Code 

Shift 

Load 

Shift 

Load 

RAM 0 

ram,5 

Qo 

Ql5 

QREG 

n 

B 

B 

0 

X 

None 

None 

F — ► Q 

F 

X 

X 

X 

X 

NOP 

a 

B 

B 

1 

X 

None 

X 

None 

F 

X 

X 

X 

X 

RAMA 

B 

B 

B 

2 

None 

F — > B 

X 

None 

A 

X 

X 

Bi 

X 

RAMF 

B 

B 

B 

3 

None 

F — ► B 

X 

None 

F 

X 

X 

ES 

X 

RAMQD 

B 

B 

B 

4 

DOWN 

F/2 — ► B 

DOWN 


F 

F 0 

IN 15 

9 

IN 15 

RAMD 

□ 

B 

B 

5 

DOWN 

F/2 — ► B 

X 

None 

F 

F 0 

IN 15 

BI 

X 

RAMQU 

m 

B 

B 

6 

UP 

2F —*■ B 

UP 

2Q Q 

F 

INo 

Fi 5 

INo 

Ql5 

RAMU 

□ 

B 

B 

7 

UP 

2F — ► B 

X 

None 

F 

INo 

Fis 

X 

Ql5 


Table 2. ALU Function Control 


Mnemonic 

Micro Code 

ALU 

Function 

Symbol 

B 

B 

B 

Octal 

Code 

ADD 

L 

L 

L 

0 

R Plus S 

R + S 

SUBR 

L 

L 

H 

1 

S Minus R 

S - R 

SUBS 

L 

H 

L 

mm 

R Minus S 

R - S 

OR 

L 

H 

H 

mm 

RORS 

R V S 

AND 

H 

L 

L 

■S 

RANDS 

R A S 


H 

L 

H 

MM 

RANDS 

R A S 


H 

H 

L 

WM 

R EX-OR S 

R V S 


H 

H 

H 

MM 

R EX-NOR S 

R V S 



CYPRESS 
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Functional Tables 

Table 1. ALU Source Operand Control 


Mnemonic 

Micro Code 

ALU Source 
Operands 

Q 

Q 

D 

Octal 

Code 

R 

S 

AQ 

L 

L 

L 

0 

A 


AB 

L 

L 

H 

1 

A 


ZQ 

L 

H 

L 

mm 

O 


ZB 

L 

H 

H 


0 


ZA 

H 

L 

L 

Mm 

0 


DA 

H 

L 

H 

n 

D 


DQ 

H 

H 

L 

KB 

D 

Q 

DZ 

H 

H 

H 

WM 

D 

0 


Table 4. Source Operand and ALU Function Matrix 






I 210 Octal 


ALU 

Source 


ALU 

Function 


C„ = L 
R plus S 
C„ — H 


C„ = L 
S minus R 
C„ = H 


RORS 


RANDS 


RANDS 


R EX-OR S 


R EX-NOR S 


5 

6 

D, A 

D,Q 

D + A 

D + Q 

D + A+l 

D+Q+l 

A-D-l 

Q-D-l 

A-D 

Q-D 

D-A-l 

D-Q-l 

D-A 

D-Q 

D V A 

DVQ 

DA A 

DAQ 

DA A 

DAQ 

DVA 

DVQ 
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Description of Architecture 

General Description 

The 7C9101 block diagram is shown in Figure 1. Detailed 
block diagrams show the operation of specific sections as 
described below. The device is a 16-bit slice consisting of a 
register file (16- word by 16-bit dual port RAM), the ALU, 
the Q-register and the necessary control logic. It is expand- 
able in 16-bit increments. 

Register File 

The dual port RAM is addressed by two 4-bit address 
fields (A 3 _o and B 3 _o) which cause the data to simulta- 
neously appear at the A or B (internal) ports. Both the A 
and B addresses may be identical; in this case, the same 
data will appear at both the A and B ports. 

Data to be written to RAM is applied to the D inputs of 
the 7C9101 and is passed (unchanged) through the ALU to 
the RAM location specified by the B-address word. New 
data is written into the RAM by specifying a B address 


while RAM write enable (RAM EN) is active and the 
clock input is LOW. RAM EN is an internal signal decod- 
ed from the signals 16, 7 , 8 - As shown below, each of the 16 
RAM inputs is driven by a three-input multiplexer that 
allows the ALU output (Fis_o) to be shifted one bit posi- 
tion to the left, right, or not shifted. The RAM 15 and 
RAMo I/O pins are also inputs to the 16-bit, 3-input multi- 
plexer. 

During the left shift (upshift) operation, the RAM 15 out- 
put buffer and RAMo input multiplexer are enabled. For 
the down shift (right) operation, the RAMo output buffer 
and the RAM 15 input multiplexer are enabled. 

The A and B outputs of the RAM drive separate 16-bit 
latches that are enabled (track the RAM data) when the 
clock is HIGH. The outputs of the A latch go to three 
multiplexers which feed the two ALU inputs (Ris_o and 
S 1 5 — 0 ) and the chip output (Yis_o). The B latch outputs 
are directed to the multiplexer which feeds the S input to 
the ALU. 



Figure 2. Register File 
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Description of Architecture (Continued) 

Q-Register 

The Q-register is mainly intended for use as a separate 
working register for multiplication and division routines. It 
may also function as an accumulator or temporary storage 
register. Sixteen master-slave latches are used to implement 
the Q-register. As shown below, the Q-register inputs are 
driven by the outputs of the Q-shifter (sixteen 3-input mul- 


CY7C9101 


tiplexers, under the control of 16, 7 , &)■ The function of the 
Q-register input multiplexers is to allow the ALU output 
(Fi 5 _o) to be either shifted left, right, or directly entered 
into the master latches. The Q 15 and Qo pins (I/O) func- 
tion similarly to the RAM 15 and RAMo pins described 
earlier. Data is entered into the master latches when the 
clock is LOW and transferred to the slave (output) at the 
clock LOW to HIGH transition. 



°15 °14 °13 °12 


• • • 


Q 3 Q 2 Qt q 0 


Figure 3. Q-Register 
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Description of Architecture (Continued) 

ALU (Arithmetic Logic Unit) 

The ALU can perform three arithmetic and five logical 
operations on the two 16-bit input operands, R and S. The 
R-input multiplexer selects between data from the RAM 
A-port and data at the external data input, Dis_o. The 
S-input multiplexer selects between data from the RAM 
A-port, the RAM B-port, and the Q-register. The R and S 
multiplexers are controlled by the Io, 1 , 2 inputs as shown 
in Table 1 . The R and S input multiplexers each have an 
“inhibit capability,” offering a state where no data is 
passed. This is equivalent to a source operand consisting of 
all zeroes. The R and S ALU source multiplexers are con- 
figured to allow eight pairs of combinations of A, B, D, Q, 
and “0” to be selected as ALU input operands. 

The ALU functions, which are controlled by I 3 , 4 , 5 , are 
shown in Table 2. Carry lookahead logic is resident on the 


7C9101, using the ALU inputs carry in (C n ) and the ALU 
outputs carry propagate (P), carry generate (G), carry out 
(C n + 16). and overflow to implement carry lookahead 
arithmetic and determine if arithmetic overflow has oc- 
curred. Note that the carry in (C n ) signal affects the arith- 
metic result and internal flags; it has no effect on the logi- 
cal operations. 

Control signals 16, 7, 8 route the ALU data output (Fi 5 _o) 
to the RAM, the Q-register inputs, and the Y-outputs as 
shown in Table 3. The ALU result MSB (F 15 ) is output so 
the user may examine the sign bit without needing to en- 
able the three-state outputs. The F = 0 output, used for 
zero detection, is HIGH when all bits of the F output are 
LOW. It is an open drain output which may be wire OR’ed 
across multiple 7C9101 processor slices. 
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Figure 4. ALU 
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Description of Architecture (Continued) 


Table 5. ALU Logic Mode Functions 


Octal 
l543> l210 

Group 

Function 

40 


A A Q 

4 1 

AND 

A A B 

45 

D A A 

46 


D A Q 

30 


A V Q 

3 1 

OR 

A V B 

3 5 

D V A 

36 


D V Q 

60 


A V Q 

6 1 

EX-OR 

A V B 

6 5 

D V A 

66 


D V Q 

70 


A V Q 

7 1 

EX-NOR 

A V B 

7 5 

D V A 

76 


D V Q 

72 


Q 

73 


B 

INVERT 


7 4 


A 

77 


D 

62 


Q 

63 

PASS 

B 

6 4 

A 

67 


D 

32 


Q 

33 

PASS 

B 

34 

A 

3 7 


D 

42 


0 

43 

“ZERO” 

0 

44 

0 

47 


0 

50 


A A Q 

5 1 

MASK 

A A B 


5 5 

D A A 

56 


D A Q 


Table 6. ALU Arithmetic Mode Functions 


Octal 

C„ = 0 (Low) 

C n = 1 (High) 

1543 , 1210 

Group 

Function 

Group 

Function 

00 


A + Q 


A + Q+l 

0 1 

ADD 

A + B 

ADD plus 

A + B+ 1 

05 

D + A 

one 

D + A+ 1 

06 


D + Q 


D + Q+ 1 

02 


Q 


Q+l 

03 

04 

PASS 

B 

A 

Increment 

B+l 

A+l 

07 


D 


D+l 

1 2 


Q-l 


Q 

1 3 

1 4 

Decrement 

B— 1 
A— 1 

PASS 

B 

A 

27 


D— 1 


D 

22 


-Q-l 


-Q 

23 

24 

l’s Comp. 

— B— 1 

-A-l 

2’s Comp. 
(Negate) 

-B 

-A 

1 7 


— D— 1 


-D 

10 


Q-A-l 


Q-A 

1 1 


B-A-l 


B-A 

1 5 


A-D-l 


A-D 

1 6 

Subtract 

Q-D-l 

Subtract 

Q-D 

20 

(l’s Comp.) 

A — Q— 1 

(2’s Comp.) 

A-Q 

2 1 


A-B-l 


A-B 

25 


D-A-l 


D-A 

26 


D-Q-l 


D-Q 


Conventional Addition and Pass-Increment/ 
Decrement 


When the carry-in is HIGH and either a conventional ad- 
dition or a PASS operation is performed, one (1) is added 
to the result. If the DECREMENT operation is performed 
when the carry-in is LOW, the value of the operand is 
reduced by one. However, when the same operation is per- 
formed when the carry-in is HIGH, it nullifies the DEC- 
REMENT operation so that the result is equivalent to the 
PASS operation. In logical operations, the carry-in (C n ) 
will not affect the ALU output. 

Subtraction 

Recall that in two’s complement integer coding — 1 is 
equal to all ones and that in one’s complement integer cod- 
ing zero is equal to all ones. To convert a positive integer to 
its two’s complement (negative) equivalent, invert (comple- 
ment) the number and add 1 to it; i.e., TWC = ONC + 1. 
In Table 6 the symbol — Q represents the two’s comple- 
ment of Q so that the one’s complement of Q is then 
-Q-l. 
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Electrical Characteristics Over Commercial and Military Operating Ranged 
VccMin. = 4.5V, Vcc Max. = 5.5V 



Capacitance^ 



Notes: 

1. Not more than one output should be tested at a time. Duration of the 3. Tested initially and after any design or process changes that may 

short circuit should not be more than one second. affect these parameters. 

2. Two quiescent figures are given for different input voltage ranges. To 4. See the last page of this specification for Group A subgroup testing 

calculate Ice at an y given frequency, use Icc(Ql) + Icc(A.C.) where information. 

Icc(Ql) is shown above and Icc(A.C.) = (3 mA/MHz) X Clock 
Frequency for the Commercial temperature range. Icc(A.C.) = 

(5 mA/MHz) X Clock Frequency for Military temperature range. 


Output Loads used for AC Performance Characteristics 

+5 V 

252ft 


175ft 


0079-9 

All Outputs except Open Drain 

Notes: 

1. Cl = 50 pF includes scope probe, wiring and stray capacitance. 

2. Cl = 5 pF for output disable tests. 



+5 V 



Open Drain (F = 0) 
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Table 7. Logic Functions for CARRY and OVERFLOW Conditions 


I 543 

Function 

P 

G 

C„ + 16 

OVR 

0 

R + S 

P0-P15 

G15 + P15G14+P15P14G13 + 

• • • + Pl -15 Go 

Cie 



Cl6 v C15 

1 

S-R 

*■ — Same as R + S equations, but substitute R; for Rj in definitions — ► 

2 

R-S 

*— Same as R + S equations, but substitute Sj for Sj in definitions — *■ 

3 

R V S 

HIGH 



HIGH 

LOW 

LOW 

4 

R A S 

5 

R A S 

6 

R V S 

7 

R V S 


Definitions: + = OR 

P0-15 = P 15 P 14 P 13 P 12 P 11 P 10 P 9 P 8 P 7 P 6 P 5 P 4 P 3 P 2 P 1 P 0 
Po = Ro + So 
Pi = Ri + S 2 
P 2 = r 2 + s 2 

P3 = R3 + S3, etc. 

Go-15 = G15 G14G13 Gi 2 G11 G10 G9 Gs G7 G6 G5 G4 G3 G 2 Gi Go 
Go = Ro So 
Gi = R1S1 
G 2 — R 2 S 2 
G3 = R3 S3, etc. 

Cl 6 = G 15 + P 15 G 14 + P 15 P 14 G 13 + ... + Po-15 C n 
C 15 = G 14 + P 14 G 13 + P 14 P 13 Gi 2 + . . . + Pq-14 C n 

CY7C9101-30 and CY7C9101-40 Guaranteed 
Commercial Range AC Performance 
Characteristics 

The tables below specify the guaranteed AC performance 
tf these devices over the Commercial (0°C to 70 ° C) and 
Vlilitary (— 55°C to + 125°C) operating temperature range 
vith Vcc varying from 4.5V to 5.5V. All times are in 
lanoseconds and are measured between the 1.5 V signal lev- 
■ls. The inputs switch between OV and 3V with signal tran- 
ition rates of IV per nanosecond. All outputs have maxi- 
tium DC current loads. See also loading circuit informa- 
ion. 

'his data applies to parts with the following numbers: 

:Y7C9101-30PC CY7C9 1 0 1 -30DC CY7C9101-30LC CY7C9101-30JC CY7C9101-30GC 
:Y7C9101-40PC CY7C9101-40DC CY7C9101-40LC CY7C9101-40JC CY7C9101-40GC 

Combinational Propagation Delays. Cl = 50 pF 


To Output 

V 


r , « 

R P 

F 

= 0 

ovr 

RAM 0 

Qo 

From Input 






-r 

— 






RAMj5 



Ql5 

CY 7 C 9101 - 

km 

El 

El 

El 

30 

40 

El 

E| 

El 

El 

El 

mm 

KM 

El 

El 

KB 

A, B Address 

IBS 

mm 

MB 

■a 

35 

44 

El 

■9 

■41 

mm 

mm 

mm 

mm 

El 

— 

— 

D 

KSI 

El 

El 

El 

25 

32 

El 

E3 

El 

wm 

mm 

ES 

mm 

KM 

- 

— 

c„ 

WM 

El 

El 

Kill 

20 

25 

— 

— 

wm 

wm 

mm 

mm 

El 

KM 

— 

— 

[ o, 1, 2 

32 

40 

32 

40 

30 

38 

28 

36 

34 

42 

26 

32 

27 

35 

— 

— 

[ 3 , 4, 5 

34 

43 

33 

42 

33 

42 

27 

35 

34 

40 

32 

42 

29 

0 

— 

— 

[ 6, 7, 8 

19 

22 


— 

— 

— 

— 

— 

— 

— 

— 

— 

22 

26 

22 

26 

V Bypass ALU 

I = 2XX) 

25 

30 


— 

n 

— 

— 

— 

B 

— 

— 

— 


— 

- 

— 

■ 

mm 

mm 

KM 

mm 

30 

38 

mm 

El 

El 

n 

wm 

El 

mm 

El 

El 

El 


Cycle Time and Clock Characteristics 


CY7C9101- 

30 

40 

Read-Modify-Write Cycle (from 
selection of A, B registers to 
end of cycle). 

30 ns 

40 ns 

Maximum Clock Frequency to shift Q 
( 50 % duty cycle, I = 432 or 632 ) 

33 MHz 

25 MHz 

Minimum Clock LOW Time 

20 ns 

25 ns 

Minimum Clock HIGH Time 

10 ns 

15 ns 

Minimum Clock Period 

30 ns 

40 ns 
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Set-Up and Hold Times Relative to Clock (CP) Input ^ 


Input 


Z 



j 


Set-Up Time 
Before H — * L 


Hold Time 

After H — ► L 

Set-up Time 

Before L — *■ H 

CY7C9101- 

30 

40 

30 

40 

30 

40 

30 

40 

A, B Source Address 

10 

15 

3 [3] 

313] 

30l4] 

40(4] 

0 

0 

B Destination Address 

10 

15 

•«— 

Do Not Changed 


0 

0 

D 

— 

— 

— 

— 

22 

28 

0 

0 

c„ 

— 

__ 

— 

— 

16 

22 

0 

0 

lo, 1, 2 

— 

— 

— 

— 

26 

35 

0 

0 

U, 4, 5 

— 

— 

— 

— 

29 

37 

0 

0 

16, 7, 8 

10 

12 

<— 

Do Not Change^] 

— ► 

0 

0 

RAMq, RAM 15 , Qo, Qi5 

— 

— 

— 

— 

11 

14 

0 

0 


Output Enable/Disable Times 

Output disable tests performed with Cl = 5 pF and measured to 0.5V change of output voltage level. 


Device 

Input 

Output 

Enable 

Disable 

CY7C9101-30 

OE 

Y 

18 

16 

CY7C9 101-40 

OE 

Y 

22 

19 


Notes: 

1. A dash indicates a propagation delay path or set-up time constraint 
does not exist. 

2. Certain signals must be stable during the entire clock LOW time to 
avoid erroneous operation. This is indicated by the phrase “do not 
change”. 


Source addresses must be stable prior to the clock H — *■ L transition 
to allow time to access the source data before the latches close. The A 
address may then be changed. The B address could be changed if it is 
not a destination; i.e. if data is not being written back into the RAM. 
Normally A and B are not changed during the clock LOW time. 

4. The set-up time prior to the clock L — *■ H transition is to allow time 
for data to be accessed, passed through the ALU, and returned to the 
RAM. It includes all the time from stable A and B addresses to the 
clock L — * H transition, regardless of when the clock H — ► L 
transition occurs. 
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CY7C9101-35 and CY7C9101-45 Guaranteed 
Military Range AC Performance 
Characteristics 

The tables below specify the guaranteed AC performance 
of these devices over the Military (— 55° C to + 125°C) op- 
erating temperature range with Vcc varying from 4.5 V to 
5.5V. All times are in nanoseconds and are measured be- 
tween the 1.5V signal levels. The inputs switch between OV 
and 3 V with signal transition rates of IV per nanosecond. 
All outputs have maximum DC current loads. See also 
loading circuit information. 

This data applies to parts with the following numbers: 


Cycle Time and Clock Characteristics^ 


CY7C9101- 

35 

45 

Read-Modify-Write Cycle (from 
selection of A, B registers to 
end of cycle). 

35 ns 

45 ns 

Maximum Clock Frequency to shift Q 
(50% duty cycle, I = 432 or 632) 

28 MHz 

22 MHz 

Minimum Clock LOW Time 

23 ns 

28 ns 

Minimum Clock HIGH Time 

12 ns 

17 ns 

Minimum Clock Period 

35 ns 

45 ns 


CY7C9101-35DMB CY7C9101-35LMB CY7C9101-35GMB 

CY7C9101-45DMB CY7C9101-45LMB CY7C9101-45GMB 

Combinational Propagation Delays Cl = 50 pF^ 


To Output 

V 


r 

. 1 £ 


1 

B 

nvn 

RAM 0 

Qo 

From Input 






■ 

j fl m 

■a 



RAM15 

Ql5 

CY7C9101- 

35 

mm 

MM 

45 

35 

45 

35 

45 

KB 

45 

35 

mm 

mm 

45 

35 

■a 

A, B Address 

41 

52 

m i 

51 

38 

mm 

KB 

mm 

KB 

48 

36 

mm 

KB 

43 

— 

— 

D 


El 

El 

36 

MM 

36 

28 

KB 

33 

mm 

23 

SB 

1!B 

35 

— 

— 

c„ 

ES 

K 

ma 

29 

23 

27 

- 

— 

El 

29 

KM 

JEM 

El 

31 

— 

— 

lo, 1 , 2 

36 

44 

35 

43 

33 

41 

31 

38 

38 

46 

29 

38 

30 

38 

— 

— 

13,4,5 

38 

48 

37 

47 

37 

46 

31 

38 

38 

45 

36 

45 

33 

41 

— 

— 

16, 7, 8 

21 

24 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

24 

28 

24 

28 

A Bypass ALU 
(I = 2XX) 

28 

33 

— 

— 

— 

— 

— 

— 

— 

B 

— 

- 


— 

— 

— 

Clock 

35 

44 

mm 

mm 

34 

42 


37 

El 

c5 

28 

38 


KB 

21 

mm 


Set-Up and Hold Times Relative to Clock (CP) Input 


Input 



_ 


CP. ^ 

Set-Up Time 
Before H — * L 


Hold Time 

After H — ► L 

Set-Up Time 

Before L — > H 

CY7C9101- 

35 

45 

35 

45 

35 

45 

35 

45 

A, B Source Address 

12 

17 

3 [3] 

3 13] 

35 M 

45 [41 

0 

0 


12 

17 

<— 

Do Not Changed 

— ► 

1 

1 

D 

— 

— 

— 

— 

25 

30 

0 

0 

c„ 

— 

— 

— 

— 

19 

24 

0 

0 

!o, 1,2 

— 

— 

— 

— 

30 

37 

0 

0 

!3, 4, 5 

— 

— 

— 

— 

33 

40 

0 

0 

16,7,8 

12 

16 

<— 

Do Not Change^! 

-* 

0 

0 

RAMo, RAM is, Qo, Ql5 

— 

— 

— 

— 

13 

15 

1 

1 


Output Enable/Disable Times ^ 

Output disable tests performed with Cl = 5 pF and measured 


Device 

Input 

Output 

Enable 

Disable 

CY7C9 101-35 

OE 

Y 

20 

17 

CY7C9101-45 

OE 

Y 

23 

20 


lotes: 

. A dash indicates a propagation delay path or set-up time constraint 
does not exist. 

Certain signals must be stable during the entire clock LOW time to 
avoid erroneous operation. This is indicated by the phrase “do not 
change”. 


0.5V change of output voltage level. 

3. Source addresses must be stable prior to the clock H — *■ L transition 
to allow time to access the source data before the latches close. The A 
address may then be changed. The B address could be changed if it is 
not a destination; i.e. if data is not being written back into the RAM. 
Normally A and B are not changed during the clock LOW time. 

4. The set-up time prior to the clock L — * H transition is to allow time 
for data to be accessed, passed through the ALU, and returned to the 
RAM. It includes all the time from stable A and B addresses to the 
clock L — * H transition, regardless of when the clock H — ► L 
transition occurs. 

5. See the last page of this specification for Group A subgroup testing 
information. 
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Applications 

Minimum Cycle Time Calculations for 16-Bit Systems 

Speeds used in calculations for parts other than CY7C9101 and CY7C910 are representative for available MSI parts. 



Pipelined System, Add without Simultaneous Shift 



Data Loop 



Control Loop 

CY7C245 

Clock to Output 

12 

CY7C245 

Clock to Output 

CY7C901 

A, B to Y, Cn+ 16 » OVR 

37 

MUX 

Select to Output 

Register 

Setup 

4 

CY7C910 

CC to Output 



53 ns 

CY7C245 

Access Time 



Minimum Clock Period = 

66 ns 




Pipelined System, Simultaneous Add and Shift Down (RIGHT) 



Data Loop 



Control Loop 


CY7C245 

Clock to Output 

12 

CY7C245 

Clock to Output 

12 

CY7C9101 . 

A, B to Y, Cn + 16 , OVR 

37 

MUX 

Select to Output 

12 

XOR and MUX 

Prop. Delay, Select 

20 

CY7C910 

CC to Output 

22 


to Output 


CY7C245 

Access Time 

20 

CY7C9101 

RAM 15 Setup 

11 



66 ns 



80 ns 





Minimum Clock Period = 80 ns 
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Typical DC and AC Characteristics 


NORMALIZED SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 

1.6 

1 A 

10 

0.8 

0.6 

4.0 4.5 5.0 5.5 6.0 



NORMALIZED SUPPLY CURRENT 



-55 25 125 


OUTPUT SOURCE CURRENT 



0 1.0 2.0 3.0 4.0 


SUPPLY VOLTAGE (V) 


AMBIENT TEMPERATURE (°C) 


OUTPUT VOLTAGE (V) 



NORMALIZED FREQUENCY 



-55 25 125 


OUTPUT SINK CURRENT 
vs. OUTPUT VOLTAGE 
140 

120 

100 

80 

60 

40 

20 

0 

0 1.0 2.0 3.0 4.0 



OUTPUT VOLTAGE (V) 


AMBIENT TEMPERATURE (°C) 


OUTPUT VOLTAGE (V) 


TYPICAL OUTPUT DELAY 
CHANGE vs. OUTPUT LOADING 



NORMALIZED I C c 



0 5 10 15 20 25 30 35 


CAPACITANCE (pF) 


FREQUENCY (MHz) 
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Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

30 

CY7C9101-30PC 

P29 

Commercial 


CY7C9101-30 LC 

L81 



CY7C9101-30 JC 

J81 



CY7C9 101-30 DC 

D30 



CY7C9 101-30 GC 

G68 


40 

CY7C9101-40 PC 

P29 



CY7C9101-40LC 

L81 



CY7C9 101-40 JC 

J81 



CY7C9 101-40 DC 

D30 



CY7C9 101-40 GC 

G68 


35 

CY7C9 101-35 LMB 

L81 

Military 


CY7C9 101-35 DMB 

D30 



CY7C9101-35 GMB 

G68 


45 

CY7C9101-45 LMB 

L81 



CY7C9101-45 DMB 

D30 



CY7C9101-45 GMB 

G68 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 


Parameters 

Subgroups 

VoH 

1,2,3 

V 0 L 

1,2,3 

Vffl 

1,2,3 

VlL Max. 

1,2,3 

Iix 

1,2,3 

loz 

1,2,3 

isc 

1,2,3 

Icc(Ql) 

1,2,3 

lcc(Q2) 

1,2,3 

Ice (Max.) 

1,2,3 


Combinational Propagation Delays 


Parameters 

Subgroups 

From A, B Address to Y 

7,8,9,10,11 

From A, B Address to F 15 

7,8,9,10,11 

From A, B Address to C n + 16 

7,8,9,10,11 

From A, B Address to G, P 

7,8,9,10,11 

From A, B Address to F = 0 

7,8,910,11 

From A, B Address to OVR 

7,8,9,10,11 

From A, B Address to RAMo, 15 

7,8,9,10,11 

From D to Y 

7,8,9,10,11 

From D to F 15 

7,8,9,10,11 

From D to C n + 16 

7,8,9,10,11 

From D to G, P 

7,8,9,10,11 

From D to F = 0 

7,8,9,10,11 

From D to OVR 

7,8,9,10,11 

From D to RAMo, 15 

7,8,9,10,11 

From C„ to Y 

7,8,9,10,11 

From C n to F 15 

7,8,9,10,11 

From C n to C n + 16 

7,8,9,10,11 


Combinational Propagation Delays (Continued) 


Parameters 

Subgroups 

From C n to F = 0 

7,8,9,10,11 

From C„ to OVR 

7,8,9,10,11 

From C n to RAMo, 15 

7,8,9,10,11 

From I 012 to Y 

7,8,9,10,11 

From I 012 to F 15 

7,8,9,10,11 

From I 012 to C n + 16 

7,8,9,10,11 

From I 012 to G, P 

7,8,9,10,11 

From I 012 to F = 0 

7,8,9,10,11 

From I 012 to OVR 

7,8,9,10,11 

From I 012 to RAMo, 15 

7,8,9,10,11 

From I 345 to Y 

7,8,9,10,11 

From I 345 to F 15 

7,8,9,10,11 

From I 345 to C„ + 16 

7,8,9,10,11 

From I 345 to G, P 

7,8,9,10,11 

From I 345 to F = 0 

7,8,9,10,11 

From I 345 to OVR 

7,8,9,10,11 

From I 345 to RAMo, 15 

7,8,9,10,11 

From 1678 to Y 

7,8,9,10,11 

From 1678 to RAMo, 15 

7,8,9,10,11 

From 1678 to Qo, 15 

7,8,9,10,11 

From A Bypass ALU to Y 
(I = 2XX) 

7,8,9,10,11 

From Clock S~ to Y 

7,8,9,10,11 

From Clock S~ to F 15 

7,8,9,10,11 

From Clock _y~ to C n + 16 

7,8,9,10,11 

From Clock to G, P 

7,8,9,10,11 

From Clock to F = 0 

7,8,9,10,11 

From Clock _y~ to OVR 

7,8,9,10,11 

From Clock S~ to RAMo, 15 

7,8,9,10,11 

From Clock _j to Qo, 15 

7,8,9,10,11 





CY7C9101 


Set-up and Hold Times Relative to Clock (CP) Input 


Parameters 

Subgroups 

A, B Source Address 

Set-up Time Before H — *■ L 

7,8,9,10,11 

A, B Source Address 

Hold Time After H — * L 

7,8,9,10,11 

A, B Source Address 

Set-up Time Before L — > H 

7,8,9,10,11 

A, B Source Address 

Hold Time After L — > H 

7,8,9,10,11 

B Destination Address 

Set-upTime Before H — > L 

7,8,9,10,11 

B Destination Address 

Hold Time After H — * L 

7,8,9,10,11 

B Destination Address 

Set-upTime Before L — > H 

7,8,9,10,11 

B Destination Address 

Hold Time After L — ► H 

7,8,9,10,11 

D Set-up Time Before L — > H 

7,8,9,10,11 


Document #: 3 8-0001 7-B 


Parameters 

Subgroups 

D Hold Time After L — > H 

7,8,9,10,11 

C n Set-up Time Before L — > H 

7,8,9,10,11 

C n Hold Time After L — * H 

7,8,9,10,11 

Ioi 2 Set-up Time Before L — > H 

7,8,9,10,11 

I 012 Hold Time After L — > H 

7,8,9,10,11 

I 345 Set-up Time Before L — > H 

7,8,9,10,11 

I 345 Hold Time After L — *■ H 

7,8,9,10,11 

1678 Set-up Time Before H — *■ L 

7,8,9,10,11 

1678 Hold Time After H — * L 

7,8,9,10,11 

1678 Set-up Time Before L — > H 

7,8,9,10,11 

Ig 78 Hold Time After L — > H 

7,8,9,10,11 

RAMo, RAM 15 , Qo, Ql5 

Set-up Time Before L — * H 

7,8,9,10,11 

RAMo, RAM 15 , Qo, Q15 

Hold Time After L — * H 

7,8,9,10,11 
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SEMICONDUCTOR 


CMOS 16-Bit 
Microprogrammed ALU 


Features 

• ESD protection 
— Capable of withstanding 

greater than 2001V static 
discharge voltage 

• Pin compatible and functionally 
equivalent to 29116, 291 16A, 
29C116, 29117, 29117A, 29C117 

Functional Description 

The C Y7C9 115, C Y7C9 1 1 6 and 
CY7C91 17 are high speed 16-bit mi- 
croprogrammed Arithmetic and Logic 
Units, (ALU). 

The architecture and instruction set of 
the devices are optimized for peripheral 
controller applications such as disk 
controllers, graphics controllers, com- 
munications controllers, and modems. 



• Fast 

— 35 ns worst case propagation 
delay, I to Y 

• Low power CMOS 

— Ice (max. at 10 MHz) 

145 mA (commercial) 

— Ice (max. static) = 68 mA 
(commercial) 

• Vcc margin 

— 5V ±10% 

— All parameters guaranteed 
over commercial and military 
operating temperature range 

• Instruction set and architecture 
optimized for high speed 
controller applications 


CY7C9117 separate I/O 

— One and two operand 
arithmetic and logical 
operations 

— Bit manipulation, Held 
insertion/extraction 
instructions 

— Eleven types of instructions 

Immediate instruction capability 

16-bit barrel shifter capability 

32-word x 16-bit register file 

8-bit status register 

— Four ALU status bits 

— Link bit and three user 
definable status bits 


Selection Guide 



7C9115-35 

7C9116-35 

7C9117-35 

7C9115-40, 45 
7C9116-40, 45 
7C9117-40, 45 

7C9115-65 
7C91 16-65 
7C9117-65 

7C91 15-79 
7C9116-79 
7C91 17-79 

Worst Case I-Y 

Commercial 

35 

45 

65 


Propagation Delay (ns) 

Military 


40 

65 

79 

Maximum Operating 

Commercial 

145 

145 

145 


Current @ 10 MHz (mA) 

Military 


166 

166 

166 
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Functional Description (Continued) 

When used with the CY7C517 multiplier, the CY7C9115, 
CY7C91 16 and CY7C91 17 also support micropro- 
grammed processor applications. 

The CY7C91 15, CY7C91 16 and CY7C91 17 are shown in 
the block diagram, consists of a 32- word by 16-bit single- 
port RAM register file, a 16-bit arithmetic unit and logic 
unit, an instruction latch and decoder, a data latch, an 
accumulator register, a 16-bit barrel shifter, a priority en- 
coder, a status register, a condition code generator and 
multiplexer, and three-state output buffers. 

The instruction set of the CY7C91 15, CY7C91 16 and 
CY7C91 17 can be divided into eleven instruction types: 
single-operand, two-operand, single-bit shifts, rotate and 
merge, rotate and compare, rotate by n-bits, bit oriented 


instructions, prioritize, Cyclic Redundancy Check (CRC), 
status, and NO-OP. Instruction execution occurs in a sin- 
gle clock cycle except for Immediate Instructions, which 
require two clock cycles to execute. 

The CY7C9 116 and CY7C9 117 are pin compatible, func- 
tional equivalent of the industry standard 291 16, 291 16A, 
29C116, 29117, 291 17A, 29C117 with improved perform- 
ance. 

Fabricated in an advanced 1 .2 micron, two-level metal 
CMOS process, the CY7C9115, CY7C9116 and 
CY7C9117 eliminates latchup, has ESD protection greater 
than 2001V, and achieves superior performance with low 
power dissipation. 


Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 


Storage Temperature — 65°C to + 150°C 

Ambient Temperature with 


Static Discharge Voltage > 2001V 


Power Applied — 55°C to + 125°C 

Supply Voltage to Ground 

Potential —0.5 V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State — 0. 5 V to + 7.0V 

DC Input Voltage —3.0V to + 7.0V 

Output Current into Outputs (Low) 30 mA 


Pin Configurations CY7C9115, CY7C9116 


(Per MIL-STD-883 Method 3015) 

Latchup Current (Outputs) > 200 mA 

Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to +70°C 

5V ± 10% 

Military HI 

— 55°C to + 125°C 

5V ± 10% 


Note: 

1. T a is the “instant on” case temperature. 


T4I 

T3I 

GND ( 

T,t 


1 

— 

52 

2 

51 

3 

50 

4 

49 

5 

48 

6 

47 

7 

46 

8 

45 

9 

44 

10 

43 

11 

42 

12 

41 

13 

40 

14 

39 

IS 

38 

16 

37 

17 

36 

18 

35 

19 

34 

20 

33 

21 

32 

22 

31 

23 

30 

24 

29 

25 

28 

26 

27 


Top View 


Top View 


J ” 5: ^ “ 



7C9115 PLCC 
7C9116LCC 



PLCC 


7C9116 

DIP 
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CY7C9115 
CY7C91 16/CY7C91 17 



Pin Configurations CY7C91 17 

Top View 



LCC/PLCC 
NC = No Connect 


0085-6 


Top View 



CY7C9117 Pin for 68 PGA 
NC = No Connect 
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Description of Architecture 

The CY7C91 15, CY7C91 16 and CY7C91 17 are 16-bit mi- 
croprogrammed arithmetic and logic units comprised of 
the following sections (see block diagram): 

• 32 Word x 16-Bit Register File 

• Data Latch 

• Instruction Latch and Decoder 

• Accumulator 

• Logic Unit with a 16-bit Barrel Shift Capability 

• Arithmetic Unit 

• Priority Encoder 

• Condition Code Generator and Multiplexer 

• Status Register 

• Output Buffers 

32-Word x 16-Bit Register File 

The 32- word x 16-bit register file is a single port RAM 
with a 16-bit latch at the output. The latch is transpa rent 
while CP is HIGH and latched when CP is LOW. If IEN is 
LOW and the current instruction specifies the RAM at its 
destination, data is written into the RAM while CP is 
LOW. Word instructions write into all 16-bits of the RAM 
word addressed; byte instructions write into only the lower 
eight bits. 

Use of an external multiplexer on five of the instruction 
inputs makes it possible to select separate read and write 
addresses for the same NON-IMMEDIATE instruction. 
Immediate Instructions do not allow this two-address oper- 
ation for the 7C91 15 and 7C91 16. The 7C91 17 does sup- 
port two-address Immediate Instructions. 

Data Latch 

The data latch holds the 16-bit input to the CY7C91 15, 
CY7C91 16 and CY7C91 17 from the Y (bidirectional) bus 
for the 7C91 15 and 7C91 16 and the data bus for the 
7C91 17. When DLE is HIGH, the latch is transparent, it is 
latched when DLE is LOW. 

Instruction Latch and Decoder 

The 16-bit instruction latch is always transparent, except 
when Immediate Instructions are executed. The Instruc- 
tion Decoder decodes the instruction inputs into the inter- 
nal signals which control the CY7C91 15, CY7C91 16 and 
CY7C9 117. All instructions other than Immediate Instruc- 
tions execute in a single clock cycle. 

Execution of Immediate Instructions takes two clock cy- 
cles. During the first clock cycle, the Instruction Decoder 
identifies the instruction as an Immediate Instruction and 
the Instruction Latch captures the instruction at the in- 
struction inputs. For Immediate Instructions, the data at 
the instruction inputs during the second clock cycle is used 
as one of the operands for the Immediate Instruction speci- 
fied during the first clock cycle. Upon completion of the 
Immediate Instruction (the end of the second clock cycle), 
the Instruction Latch again becomes transparent. 

Accumulator 

The accumulator is a 16-bit edge triggered register. If the 
IEN is LOW and the current instruction specifies the accu- 
mulator as its destination, the accumulator accepts Y input 


data at the clock LOW to HIGH transition. Word instruc- 
tions write into all 16 bits of the accumulator, byte instruc- 
tions write into the lower eight bits. 

16-Bit Barrel Shifter 

The barrel shifter can rotate data input to it from either the 
register file, the accumulator, or the data latch from 0 to 15 
bit positions. In word mode, the barrel shifter rotates a 
16-bit word; in byte mode, it only affects the lower eight 
bits. The barrel shifter is used as one of the ALU inputs. 

Arithmetic and Logic Unit 

The CY7C91 15, CY7C91 16 and the CY7C91 17 have an 
arithmetic unit and a logic unit. The arithmetic unit is ca- 
pable of operating on one or two operands while the logic 
unit is capable of operating on one, two or three operands. 
The two units in parallel are able to execute the one and 
two operand instructions such as pass, complement, two’s 
complement, add, subtract, AND, OR, EXOR, NAND, 
NOR, and EXNOR. Three operand instructions include 
rotate/merge and rotate/masked compare. There are three 
data types supported by the CY7C91 15, CY7C91 16 and 
CY7C91 17; bit, byte, and 16-bit word. 

All arithmetic and logic unit operations can be performed 
in either word or byte mode, with byte instructions per- 
formed only on the lower eight bits. 

Three status output are generated by the arithmetic unit: 
carry (C), negative (N), and overflow (OVR). A zero flag 
(Z) detects a zero condition, though this flag is not generat- 
ed by the arithmetic unit or the logic unit. These flags are 
generated in either word or byte mode, as appropriate. 

The arithmetic unit uses full carry look-ahead across all 16 
bits during arithmetic operations. The carry input to the 
arithmetic unit comes from the carry multiplexer, which 
can select either zero, one, or a stored carry bit (QC) from 
the status register. Multiprecision arithmetic uses QC as 
the carry input. 

Priority Encoder 

The priority encoder generates a binary-weighted code 
based on the location of the highest order ONE in its input 
word or byte. The operand to be prioritized may be 
AND-ed with a mask to eliminate certain bits from the 
priority encoding. This masking is performed by the logic 
unit. 

In word mode, the output is a binary one if bit 15 is the 
first (unmasked) HIGH encountered, a binary two if bit 14 
is the first HIGH and so on. If bit 0 is the only HIGH, the 
output of the priority encoder is binary 16. If no bits are 
HIGH, a binary zero is output. 

In byte mode, only bits 7 through 0 are examined. Bit 7 
HIGH produces a binary one, bit 6 a binary two, and so 
on. If bit 0 is the only HIGH, a binary eight is output; if no 
bits are HIGH, a binary zero is output. 

Condition Code Generator and Multiplexer 

The twelve condition code test signals are generated in this 
section. The multiplexer selects one of these twelve and 
places it at the CT output. The multiplexer is addressed by 
either using the Test Instruction or by using the bidirec- 


6-100 



CYPRESS 

SEMICCM3UCTOR 


CY7C9115 

CY7C9116/CY7C9117 


Description of Architecture (Continued) 

tional T bus as an input. The test instruction specifies the 
test condition to be placed at the CT output, but it does not 
allow an ALU operation at the same time. Using the T bus 
as input, the CY7C91 15, CY7C91 16 and CY7C91 17 may 
simultaneously test and execute an instruction. The test 
instruction lines (I 4 - 0 ) take precedence over T*_i for test- 
ing status. 

Status Register 

The 8-bit status word is held by the status register. The 
status register is updated at the end of all instructions ex- 
cept NO-OP, Save Sta tus, a nd Test Status, provided the 
status register enable (SRE) and instruction enable (IEN) 
are both L OW. T he statu s register is inhibited from chang- 
ing if either SRE or IEN are HIGH. 

The lower four status bits are the ALU status: OVR (over- 
flow), N (negative), C (carry), and Z (zero). The upper four 
bits are a link bit and three user-defined status bits (Flagl, 
Flag2, Flag3). 

As stated above, when IEN and SRE are LOW, the status 
register is updated at the end of all instructions other than 
NO-OP, Save Status, and Test Status. The lower four 
status bits are updated under the abov e co nditio ns, with 
the additional exception of when IEN and SRE are LOW 
and the Status Set/Re set in stru ction is performed on the 
upper four bits. When IEN and SRE are LOW, the upper 
four status bits are only changed during their correspond- 
ing Status Set/Reset instructions and during Status Load 
instructions in word mode. The Link-Status bit is also up- 
dated after every shift instruction. 

The status register can be loaded via the internal Y bus; it 
can also be selected as a source for the internal Y bus. 
Loading the status register in word mode updates all eight 
bits of the status register. In byte mode, only the lower four 
bits are updated. 

Using the status register as a source in the word mode 
loads all eight bits into the lower byte of the destination; 
the upper byte is zero-filled. In byte mode, the status regis- 
ter loads the lower byte of the destination; however the 
upper byte is unchanged. Interrupt and subroutine process- 
ing is facilitated by this store/load combination, which al- 
lows saving and restoring the status register. The lower 
four bits of the status register can be read directly by out- 
putting them to the T 4 _i outputs. These outputs are en- 
abled when OEt is HIGH. 

Output Buffers 

Two sets of bidirectional buses exist on the CY7C91 15 and 
CY7C9116. The bidirectional Y bus (16 bits) is controlled 
by OEy. The three state outputs are enabled when OEy is 
LOW, they are at high impedance when OEy is HIGH. 

This will allow data to be input to the data latch from the 
;xtemal world. The second bidirectional bus is the four-bit 
T bus. These three state buffers are enabled by a HIGH on 
3Ej, which will output the internal ALU status bits 
OVR, N, C, Z). If OEy is LOW, the T outputs are at high 
mpedance, and a test condition can be input on the T bus 
0 determine the CT output. 

"he 7C91 17 has separate Y bus output and Data Input 
uses. All other pins are functionally equivalent to the 
C9115 and 7C9116. 


Pin Definitions 


Signal 

Name 


I/O 


Description 


Yi 5 _o I/O Data Input/Output. These bidirectional lines are 
used to directly load the 16-bit data latch when 
OEy is HIGH. When OEy is LOW, the arithme- 
tic unit or the logic unit output data is output on 

Yis-O. 

Ij 5_0 I Instruction Word. This 16-bit word selects the 
functions performed by the 7C91 16. These lines 
are also used to input data when executing Imme- 
diate Instructions. 


T 4 _i I/O Status Input/Output. These bidirectional pins are 
used to output the lower four status bits (OVr, 

N, C, and Z) when OEy is HIGH. When OEt is 
LOW, these lines are used as inputs to generate 
the conditional test (CT) output. 

CT O Conditional Test. One of twelve condition code 
signals is selected by the condition code multi- 
plexer to be placed on the CT output. 

CT = HIGH for a pass condition; CT = LOW 
for a fail condition. 


DLE 

IEN 


SRE 


OEy 


OEy 


CP 


D15-0 


I Data Latch Enable. The 16-bit data latch is trans- 
parent when DLE is HIGH and latched when 
DLE is LOW. 

I Instruction Enable. The following occurs with 
IEN LOW: Data may be written into the RAM 
when the clock is LOW, the Accumulator can 
accept data during the clock LOW to HIGH 
transi tion, and the Status Register can be updated 
when SRE is LOW. If IEN is HIGH, CT is dis- 
abled as a function of the instruction inputs. IEN 
should be LOW during the first half of the first 
cycle of Immediate Instructions. 

I Status Register Enable. The Status Register is 
updated at the end of all instructions except NO- 
OP, Save Status, and Test Status when SRE and 
IEN are both LOW. The Status Register is inhib- 
ited from changing when either SRE or IEN are 
HIGH. 

I Y Output Enable. This controls the 16-bit Yis_o 
I/O port. When OEy is LOW, the Y-outputs are 
enabled, when OEy is HIGH, the Y outputs are 
disabled (high impedance). 

I T Output Enable. The four bit T outputs are en- 
abled when OEy is HIGH: they are disabled 
(high impedance) when OEt is LOW. 

I Clock Pulse. The RAM output latch is transpar- 
ent when CP is HIGH; the RA M ou tput is 
latched when CP goes LOW. If IEN is LOW and 
the current instruction specifies the RAM as the 
destination, then data is written into the RAM 
while CP is LOW. If IEN is LOW, the Accumu- 
lator and Status Register will accept data at the 
clock LOW to HIGH transition. The instruction 
latch becomes transparent upon exiting an Imme- 
diate Instruction during a LOW to HIGH clock 
transition. 

I These input lines are used to directly load the 
data latch. 


Yi 5 _o I/O These output lines are used to present the arith- 
metic unit or the logic unit output when OEy is 
LOW. (CY7C91 17 Yi 5 _o and output only) 
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Instruction Set 


The instruction set of the CY7C9 115, CY7C9 116 and 
CY7C91 17 is optimized for peripheral controller applica- 
tions. It features: Bit Set, Bit Reset, Bit Test, Rotate and 
Merge, Rotate and Compare, and Cyclic-Redundancy- 
Check (CRC) generation, in addition to standard Single- or 
Two-Operand logical and arithmetic instructions. A single 
clock cycle will execute all but the Immediate Instructions 
which take 2 clock cycles. 

The CY7C91 15, CY7C91 16 and CY7C91 17 can operate in 
three different data modes: bit, byte and word (16 bits). 

The LSB of the word is used for Byte Mode. Also in Byte 
Mode when the status register is specified as the destina- 
tion, only the LSH (OVR, N, C, Z) of the register is 


updated. Save Status and Test Status instructions do not 
change the status register. During Test Status instructions 
the Y-bus (or D-bus for the CY7C91 17) is undefined; the 
result is in the CT output. 

The eleven instruction types outlined below are described 
in detail on the following pages. 


Single-Operand 
Two-Operand 
Single Bit Shift 
Rotate and Merge 
Bit-Oriented 
Rotate by n Bits 


Rotate and Compare 

Prioritize 

CRC 

Status 

No-Op 


Table 1. Operand Source* Destination Combinations 


Notes: 

1. If there is no division between the R/S operand or SOURCE and 
DESTINATION, the two are a given pair. If a division exists, any 
combination is possible. 

2. RAM cannot be used as source when both ACC and STATUS are 
designated as a DESTINATION. 

3. OPERAND and MASK must be different sources. 


Instruction Type 

Operand Combinations (Note 1) 


Source (R/S) 

Destination 

Single Operand 

RAM (Note 2) 

RAM 

SOR 

ACC 

ACC 

SONR 

D 

Y Bus 


D(OE) 

Status 


D(SE) 

ACC and 


I 

Status 


O 



Source (R) 

Source (S) 

Destination 

Two Operand 

RAM 

ACC 

RAM 

TORI 

RAM 

I 

ACC 

TOR2 

D 

RAM 

Y Bus 

TONR 

D 

ACC 

Status 


ACC 

I 

ACC and 


D 

I 

Status 


Source (U) 

Destination 

Single Bit Shift 

RAM 

RAM 

SHFTR 

ACC 

ACC 

SHFTNR 

ACC 

Y Bus 


D 

RAM 


D 

ACC 


D 

Y Bus 


Source (U) 

Destination 

Rotate n Bits 

RAM 

RAM 

ROTR1 

ACC 

ACC 

ROTR2 

D 

Y Bus 

ROTNR 





Source (R/S) 

Destination 

Bit Oriented 

RAM 

RAM 

BOR1 

ACC 

ACC 

BOR2 

D 

Y Bus 

BONR 





Rotated 
Source (U) 

Mask (S) 

Non-Rotated 
Source/ 
Destination (R) 

Rotate and Merge 

D 

I 

ACC 

ROTM 

D 

RAM 

ACC 

ROTC 

D 

I 

RAM 


D 

ACC 

RAM 


ACC 

I 

RAM 


RAM 

I 

ACC 


Instruction Type 

Operand Combinations (Note 1) 


Rotated 
Source (U) 

Mask (S) 

Non-Rotated 
Source/ 
Destination (R) 

Rotate and Compare 




CDAI 

D 

I 

ACC 

CDRI 

D 

I 

RAM 

CDRA 

D 

ACC 

RAM 

CRAI 

RAM 

I 

ACC 


Source (R) 

Mask (S) 

Destination 

Prioritize (Note 3) 

RAM 

RAM 

RAM 

PRT1 

ACC 

ACC 

ACC 

PRT2 

D 

I 

Y Bus 

PRTNR 


O 



Data In 

Destination 

Polynominal 

Cyclic Redun- 
dancy Check 

QLINK 

RAM 

ACC 

CRCF 

CRCR 




No Operation 




NOOP 





Bits Affected 

Set Reset Status 


OVR, N, C, Z 

SETST 


LINK 


RSTST 


Flagl 


SVSTR 


Flag2 


SVSTNR 


Flag3 


TEST 





Source 

Destination 

Store Status 

Status 

RAM 




ACC 

Y Bus 


Source (R) 

Source (S) 

Destination 

Status Load 

D 

ACC 

Status 


ACC 

I 

Status and 




ACC 


D 

I 



Test Condition (CT) 

Test Status 

(NffiOVR) + Z 

Z + C 


NffiOVR 

N 



Z 

LINK 


OVR 

Flagl 


Low 

Flag2 



C 

Flag3 
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Instruction Set (Continued) 

OEy is assumed LOW for all cases, allowing ALU outputs 
on the Y- or D-bus. 

Instructions are individually distinguished by using 
OP-CODES and 2 assigned quadrant bits. Four quadrants, 
0 to 3, have been assigned to each instruction type in order 
to ease groupings of instructions and addressing modes. 

Single Operand Instructions 

Each Single Operand Instruction contains four designators: 

1. Mode (Byte or Word) 

2. Opcode 

3. Source 

4. Address or Destination 

These designators are divided into two basic categories, 
those which use RAM addresses and those that do not. 


CY7C9115 

CY7C9116/CY7C9117 


The instruction formats shown below are unique for each 
category. In both cases the desired operation, controlled by 
the instruction inputs, is performed on the source with the 
result either placed on the Y-bus or stored in the destina- 
tion or both. The functions of Extending Sign Bit (D(SE)) 
and Binary Zero (D(OE)) over 16 bits in the Word Mode 
are available for cases where 8-bit to 16-bit conversion is 
necessary. The functions performed using Single Operand 
instructions update the LSB of the Status Register (OVR, 
N, C, Z) but do not effect the MSB (FLAG1, FLAG2, 
FLAG3, LINK). Single Operation instructions are limited 
when both the ACC and Status Register are the destina- 
tion, the source cannot be RAM. 


Single Operand Field Definitions 

15 14 13 12 98 


SOR | B/W j Quadrant 
15 14 i: 

SONR B/W I Quadrant 


Opcode 


Opcode 


5 4 0_ 

SRC-Dest RAM Address 

5 4 0_ 

SRC I Destination 



15 

14 13 

Instruction^ 

B/Wf2] 

Quad t 3 ] 

SOR 

0 = B 

1 = W 

10 

Instruction 

B/W 

Quad 

SONR 

0 = B 

1 = W 

11 


Single Operand Instruction Set 
8 5 


Opcode 


1100 MOVE SRC — > Dest 

1101 COMP SRC -» Dest 

1110 INC SRC + 1 — > 

1111 NEG SRC + 1 — ► 


Opcode 


1100 MOVE SRC — » Dest 

1101 COMP SRC — > Dest 

1110 INC SRC + 1 — ► 

1111 NEG SRC + 1 — ► 



0100 SOA 

0110 SOD 

0111 SOI 

1000 soz 

1001 SOZE 
1010 SOSE 


ACC 

D 

I 

O 

D(OE) 

D(SE) 


Destination 


00000 NRY Y Bus 

00001 NRA ACC 

00100 NRS Status [5] 

00101 NRAS ACC, StatusfS] 


Notes: 

1. Instruction mnemonic. 

2. B = Byte Mode, W = Word Mode. 

3. Quadrant subdivides instuctions into categories. 


SOR 

SONR 


4. R = Source; S = Source; Dest = Destination. 

5. Status is destination. 

Status i *— Yi i = 0 to 3 (byte mode) 
i = 0 to 7 (word mode) 


Y Bus and Status 


Opcode 

Description 

B/W 

Y-Bus 

Flag3 

Flag2 

Flagl 

LINK 

OVR 

IQBB 

COMP 


1 = W 

DHE3B 

NC 

NC 

NC 

NC 

0 

ODD 

INC 


0 = B 

OE3S3SED 

NC 

NC 

NC 

NC 

u 

ODD 

MOVE 




NC 

NC 

NC 

NC 

0 

ODD 

NEG 




NC 

NC 

NC 

NC 

u 

ODD 


SRC = Source 
U = Update 


NC = No Change 
0 = Reset 


1 = Set 

i = 0 to 1 5 when not specified 
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Instruction Set (Continued) 

Functions are performed on the specified R and S sources 
and results are stored in the specified destination and/or 
placed on the Y-bus. Arithmetic functions update the least 
significant nibble of the Status Register (OVR, N, C, Z) 
while logical functions affect only the N and Z bits. Execu- 
tion of logical functions clear the OVR and C bits of the 
Status Register. 


Two Operand Field Definitions 



15 

14 

13 

12 

9 

8 

5 

4 

0 

TORI 

B/W 

Quadrant 

SRC-SRC, Dest 

Opcode 

RAM Address 


15 

14 

13 

12 

9 

8 

5 

4 

0 

TOR2 

B/W 

Quadrant 

SRC-SRC, Dest 

Opcode 

RAM Address 


15 

14 

13 

12 

9 

8 

5 

4 

0 

TONR 

B/W 

Quadrant 

SRC-SRC, Dest 

Opcode 

Destination 


Each Two Operand Instruction is constructed of 5 fields: 

1. Mode (Byte or Word) 

2. Opcode 

3. R Source 

4. S Source 

5. Address or Destination 

These instructions are further divided into those using 
RAM addresses and those that do not. The first type uses 
two formats which differ only by quadrant designator. 


Two Operand Instruction Set 


Instruction 

B/W 

Quad 



r[i] 

sin 

DestM 

Opcode 

RAM Address 


0 = B 

00 

0000 

TORAA 

RAM 

ACC 

ACC 

0000 

SUBR 

S minus R 

00000 

R00 

RAM Reg 00 


1 = W 


0010 

TORIA 

RAM 

I 

ACC 

0001 

SUBRCI2] 

S minus R 







0011 

TODRA 

D 

RAM 

ACC 



with carry 

mil 

R31 

RAM Reg 31 




1000 

TORAY 

RAM 

ACC 

Y Bus 

0010 

SUBS 

R minus S 







1010 

TORIY 

RAM 

I 

Y Bus 

0011 

subscM 

R minus S 







1011 

TODRY 

D 

RAM 

Y Bus 



with carry 







1100 

TORAR 

RAM 

ACC 

RAM 

0100 

ADD 

R plus S 




TORI 



1110 

TORIR 

RAM 

I 

RAM 

0101 

ADDC 

R plus S 







mi 

TODRR 

D 

RAM 

RAM 

0110 

AND 

with carry 
R • S 












0111 

NAND 

R • S 












1000 

EXOR 

R0S 












1001 

NOR 

R + S 












1010 

OR 

R + S 












1011 

EXNOR 

Res 




Instruction 

B/W 

Quad 



RW 

sm 

DestW 

Opcode 

RAM Address 


0 = B 

10 

0001 

TODAR 

D 

ACC 

RAM 

0000 

SUBR 

S minus R 

00000 

R00 

RAM Reg 00 


1 = W 


0010 

TOAIR 

ACC 

I 

RAM 

0001 

SUBRC12] 

S minus R 






0101 

TODIR 

D 

I 

RAM 

0010 

SUBS 

with carry 
R minus S 

mil 

R31 

RAM Reg 31 









0011 

SUBSC12] 

R minus S 
with carry 












0100 

ADD 

R plus S 




TOR2 








0101 

ADDC 

R plus S 
with carry 












0110 

AND 

R • S 












0111 

NAND 

R • S 












1000 

EXOR 

Res 












1001 

NOR 

R + S 












1010 

OR 

R + S 












1011 

EXNOR 

Res 





Notes: 


1 . R = Source 2. For subtraction the carry is interpreted as borrow. 

S = Source 
Dest = Destination 
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Instruction Set (Continued) 


Two Operand Instruction Set 


Instruction 

B/W 

Quad 



rW 

sW 

Opcode 

Destination 


0 = B 

11 

0001 

TODA 

D 

ACC 

0000 

SUBR 

S minus R 

00000 

NRY 

Y Bus 


1 = W 


0010 

TOAI 

ACC 

I 

0001 

SUBRC 

S minus R with 

00001 

NRA 

ACC 




0101 

TODI 

D 

I 



carry 

00100 

NRS 

Status t*] 








0010 

SUBS 

R minus S 

00101 

NRAS 

ACC, Status!*] 

TONR 







0011 

SUBSC 

R minus S with 











0100 

ADD 

carry 

R plus S 











0101 

ADDC 

R plus S with 











0110 

AND 

carry 

R • S 











0111 

NAND 

RTS 











1000 

EXOR 

R © S 











1001 

NOR 

R + S 











1010 

OR 

R + S 











1011 

EXNOR 

R © S 





Notes: 

1. R = Source 
S = Source 

2. Status is destination, 

Status i *— Yi, i = 0 to 3 (byte mode) 
i = 0 to 7 (word mode) 

3. For subtraction the carry is inverted. 


Y Bus and Status Contents 


Instruction 

Opcode 

Description 

B/W 

Y-Bus 

Flag3 

Flag2 

Flagl 

LINK 

OVR 

□ 

□ 

□ 


ADD 

R plus S 

0 = B 

Y < — R + S 

NC 

NC 

NC 

NC 

U 

□ 

□ 

□ 


ADDC 

R plus S with carry 

1 = W 


NC 

NC 

NC 

NC 

u 

□ 

□ 

□ 


AND 

R • S 



NC 

NC 

NC 

NC 

0 

□ 

□ 

m 


EXOR 

R © S 



NC 

NC 

NC 

NC 

0 

□ 

a 

B 

TORI 

EXNOR 

R © S 



NC 

NC 

NC 

NC 

0 

Q 

□ 

B 

TOR2 

NAND 

R^S 


BB333SES9I 

NC 

NC 

NC 

NC 

0 

□ 

a 

□ 

TONR 

NOR 

R + S 



NC 

NC 

NC 

NC 

0 

□ 

□ 

□ 


OR 

R + S 


ES33233H 

NC 

NC 

NC 

NC 

0 

□ 

□ 

□ 


SUBR 

S minus R 


OSEEEBM 

NC 

NC 

NC 

NC 

u 

□ 

□ 

B 


SUBRC 

S minus R with carry 



NC 

NC 

NC 

NC 

u 

□ 

□ 

□ 


SUBS 

R minus S 



NC 

NC 

NC 

NC 

u 

□ 

□ 

□ 


SUBSC 

R minus S with carry 



NC 

NC 

NC 

NC 

u 

□ 

□ 

□ 


U = Update 
NC = No Change 

0 = Reset 

1 = Set 

i = 0 to 15 when not specified 


Single Bit Shift Instructions 

Single Bit Shift Instructions are constructed of four fields: 

1. Mode (Byte or Word) 

2. Direction (up or down) and shift linkage 

3. Source 

I. Destination 

These instructions are further divided into those using 
SIAM addresses and those that do not. The shift linkage 
ndicator indicates what is to be loaded into the vacant bit. 


During a shift up the LSB may be loaded with a zero, one 
or with the link status bit (QLINK), while the MSB is 
shifted into the QLINK bit. During a shift down, the MSB 
is loaded with a zero, one, the Status Carry bit (QC), the 
Exclusive-Or of the Negative-Status bit and the Overflow- 
Status bit (QN © QOVR), or the Link-Status bit. The 
Status Register’s N and Z bits are updated, while the OVR 
and C bits are reset. Shift down with QN © QOVR can be 
used in Two’s Complement Multiplication. 
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Single Bit Shift Instructions (Continued) 


SHFTR 

SHFTNR 


Single Bit Shift Field Definitions 

15 14 13 12 9 8 5 4 0 


B/W 

Quadrant 

SRC-Dest 

Opcode 

RAM Address 

B/W 

Quadrant 

Source 

Opcode 

Destination 


Shift Up Function Shift Down Function 


SOURCE SOURCE 



DESTINATION 


DESTINATION 


0085-8 


0085-9 


Single Bit Shift Instruction Set 


Instruction 

B/W 




uti] 

DesttH 

Opcode 

RAM Address/Destination 

SHFTR 

0 = B 

10 

0110 

SHRR 

RAM 

RAM 

0000 

SHUPZ 

Up 

0 

00000 

R 00 RAM Reg 00 


1 = W 

0111 

SHDR 

D 

RAM 

0001 

SHUP 1 

Up 

1 









0010 

SHUPL 

Up 

QLINK 

mil 

R 31 RAM Reg 31 








0100 

SHDNZ 

Down 

0 










0101 

SHDN 1 

Down 

1 










0110 

SHDNL 

Down 

QLINK 










0111 

SHDNC 

Down 

QC 










1000 

SHDNOV Down 

QN® QOVR 



Instruction 

B/W 


Utl] 

Opcode 

Destination 

SHFTNR 

0 = B 

11 

0110 

SHA 

ACC 


0000 

SHUPZ 

Up 

0 

00000 

NRY Y-Bus 


1 = W 

0111 

SHD 

D 


0001 

SHUP 1 

Up 

1 

00001 

NRA ACC 








0010 

SHUPL 

Up 

QLINK 










0100 

SHDNZ 

Down 

0 










0101 

SHDN 1 

Down 

1 










0110 

SHDNL 

Down 

QLINK 










0111 

SHDNC 

Down 

QC 










1000 

SHDNOV Down 

QN© QOVR 




Note: 

1. U = Source 
Dest = Destination 


Y Bus and Status 


Instruction 

Opcode 

Description 

B/W 

Y-Bus 

EM 


Eftffl 

LINK 

rrcn 

N 

G 

B 

SHR 

SHNR 

SHUPZ 

SHUP 1 

SHUPL 

UpO 

Up 1 

Up QLINK 

1 = W 


NC 

NC 

NC 

SRC 15 * 

0 

SRC14 

D 

1 

0 = B 

Yj SRCi-i, i = 1 to 7 ; 

Yo * — Shift Input; 

Yg «— SRC 7 , Yi SRQ-9 

for i = 9 to 15 

NC 

NC 

NC 

src 7 * 

0 

src 6 

1 

U 

SHDNZ 

SHDN 1 

SHDNL 

SHDNC 

SHCNOV 

Down 0 

Down 1 

Down QLINK 
Down QC 

Down QN©QOVR 

1 = W 


NC 

NC 

NC 

SRCo* 

0 

Shift 

Input 

g 

B 

0 = B 

Yj * — SRQ+ 1, i = 0 to 6; 

Y, < — SRQ— 7, i = 8 to 14 ; 
Y 7 ,i5 < — Shift Input 

NC 

NC 

NC 

SRCq* 

0 

Shift 

Input 

1 

B 


’Shifted output is loaded into the QLINK. 

SRC = Source 0 = Reset 

U = Update 1 = Set 

NC = No Change i = 0 to 15 when not specified 
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Instruction Set (Continued) 


Bit-Oriented Instructions 

Bit-Oriented Instructions are constructed from four fields: 

1. Mode (Byte or Word) 

2. Operation 

3. Source or Destination 

4. Bit position operated on (0 = LSB) 

These instructions are further divided into those using 
RAM addresses and those that do not. The specified func- 
tion operates on the given source and the result is stored in 
the specified destination and/or on the Y-bus. 

Set Bit n: Forces the nth bit to ONE without affecting 
other bit positions. 


Reset Bit n: Forces the nth bit to ZERO without affecting 
other bit positions. 

Test Bit n: Sets the Z status bit to the state of bit n. 

Load 2 n : Loads ZERO in bit position n and sets all other 
bits. 

Load 2 n : Loads ONE in bit position n and clears all other 
bits. 

Increment 2 n : Adds 2 n to the operand. 

Decrement 2 n : Subtracts 2 n from the operand. 

Load, Set, Reset and Test instructions update N and Z 
status bits while forcing OVR and C bits to ZERO. Arith- 
metic operations affect the entire lower nibble of the Status 
Register (OVR, C, N, and Z). 


Bit Oriented Field Definitions 



15 

14 13 12 


98 


54 


0 

BOR1 

B/W 

Quadrant 

N 

Opcode 

RAM Address 


15 

14 13 12 


98 


54 


0 

BOR2 

B/W 

Quadrant 

N 

Opcode 

RAM Address 


15 

14 13 12 


98 


54 


0 

BONR 

B/W 

Quadrant 

N 

1100 

Opcode 


Bit Oriented Instruction Set 


Instruction 

B/W 

Quadrant 

n 

Opcode 

RAM Address 


0 = B 



1101 

SETNR 

Set RAM, bit n 

00000 

R00 

RAM Reg 00 

BOR1 

1 = W 

11 

Oto 15 

1110 

RSTNR 

Reset RAM, bit n 







mi 

TSTNR 

Test RAM, bit n 

inn 

R31 

RAM Reg 31 

Instruction 

B/W 

Quadrant 

D 

Opcode 

RAM Address 

BOR2 

0 = B 



1100 

LD2NR 

2 n — ► RAM 

00000 

R00 

RAM Reg 00 

10 

Oto 15 

1101 

LDC2NR 

2 n — ► RAM 


1 = W 

1110 

mi 

A2NR 

S2NR 

RAM plus 2 n — > RAM 
RAM minus 2 n — *■ RAM 

inn 

R31 

RAM Reg 3 1 

Instruction 

B/W 

Quadrant 

n 

Opcode 

Opcode 








00000 

TSTNA 

Test ACC, bit n 








00001 

RSTNA 

Reset ACC, bit n 








00010 

SETNA 

Set ACC, bit n 








00100 

A2NA 

ACC plus 2n — ► ACC 








00101 

S2NA 

ACC minus 2 n — > ACC 








00110 

LD2NA 

2 n — ► ACC 

BONR 

0 = B 

11 

Oto 15 

1100 



00111 

LDC2NA 

2” — ► ACC 

1 = W 



10000 

TSTND 

Test D, bit n 








10001 

RSTND 

Reset D, bit n 








10010 

SETND 

Set D, bit n 








10100 

A2NDY 

D plus 2 n — > Y Bus 








10101 

S2NDY 

D minus 2 n — > Y Bus 








10110 

LS2NY 

2 n — > Y Bus 








10111 

LDC2NY 

2 n — * Y Bus 
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Instruction Set (Continued) 

Rotate By n Bits Instructions 

The Rotate by n Bits Instructions contain four indicators: 
byte or word mode, source, destination and the number of 
places the source is to be rotated. They are further subdi- 
vided into two types. The first type uses RAM as a source 
and/or a destination and the second type does not use 
RAM as a source or destination. The first type has two 
different formats and the only difference is in the quadrant. 
The second type has only one format as shown in the table. 
Under the control of instruction inputs, the n indicator 


specifies the number of bit positions the source is to be 
rotated up (0 to 15), and the result is either stored in the 
specified destination or placed on the Y bus or both. An 
example of this instruction is given in Figure 5. In the 
Word mode, all 16-bits are rotated up; while in the Byte 
mode, only the lower 8-bits (0-7) are rotated up. In the 
Word Mode, a rotate up by n bits is equivalent to a rotate 
down by (16-n) bits. Similarly, in the Byte mode a rotate 
up by n bits is equivalent to a rotate down by (8-n) bits. 
The N and Z bits of the Status Register are affected and 
OVR and C bits are forced to ZERO. 


Rotate By n Bits Field Definitions 

15 14 13 12 9 8 5 4 0 


ROTR1 

ROTR2 

ROTNR 


B/W 

Quadrant 

n 

SRC-Dest 

RAM Address 

B/W 

Quadrant 

n 

SRC-Dest 

RAM Address 

B/W 

Quadrant 

n 

1100 

SRC-Dest 


Rotate by n Example 


EXAMPLE: n = 4, Word Mode 


Source 

0001 

0011 

0111 

nil 

Destination 

0011 

0111 

mi 

0001 

EXAMPLE: n = 

4, Byte Mode 




Source 

0001 

0011 

0111 

nil 

Destination 

0001 

0011 

mi 

0111 


Rotate By n Bits Instruction Set 


Instruction 

B/W 

Quadrant 

n 

UM DestW 

RAM Address 

ROTR1 

0 = B 

1 = W 

00 

Oto 15 

1100 RTRA RAM ACC 

1110 RTRY RAM YBus 

1111 RTRR RAM RAM 

00000 R00 RAM Reg 00 

11111 R31 RAM Reg 31 

Instruction 

B/W 

Quadrant 

n 

UM DestW 

RAM Address 

ROTR2 

0 = B 

1 = W 

01 

Oto 15 

0000 RTAR ACC RAM 

0001 RTDR D RAM 

00000 R00 RAM Reg 00 

11111 R31 RAM Reg 31 

Instruction 

B/W 

Quadrant 

n 


UtH DestW 

ROTNR 

0 = B 

1 = W 

11 

Oto 15 

1100 

11000 RTDY D YBus 

11001 RTDA D ACC 

11100 RTAY ACC YBus 

11101 RTAA ACC ACC 


Note: 

1. U = Source 
Dest = Destination 


Y Bus and Status 


Instruction 

Opcode 

B/W 

Y-Bus 

Flag3 

Flag2 

Flagl 

LINK 

OVR 

N 

B 

z 

ROTR1 

ROTR2 

ROTNR 


1 = W 

Yi * SRC(i- n ) mo dl6 

NC 

NC 

NC 

NC 

0 

SRC 15 - n 

0 

u 

0 = B 

Yi ■* SRQ + 8 = SRC(i — n )mod8 
fori = Oto 7 

NC 

NC 

NC 

NC 

0 

SRC6~n 

0 

u 


SRC = Source 
U = No Change 

0 = Reset 

1 = Set 

i = 0 to 15 when not specified 
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Instruction Set (Continued) 


Rotate and Merge Instructions 

Each Rotate and Merge instruction consists of five fields: 

1. Mode (Byte or Word) 

2. Rotated Source (U) 

3. Non-Rotated Source (R) 

4. Mask Location (S) 

5. Number of bits Rotated (n) 


The shift register rotates source U up n places. ANDing 
with the mask causes any bit i to be passed from the 
rotated source that corresponds to a set bit in mask posi- 
tion i. The R input is not shifted, but is masked by the 
compliment of mask S, so that a ZERO in mask bit i will 
pass bit i of R. The ORed result is stored in register R. 
Rotate and Merge operations update the N and Z status 
bits, while clearing the OVR and C bits. 


Rotate and Merge Function 


U S (MASK) 



0085-10 


15 14 


Rotate and Merge Field Definitions 

13 12 9 8 5 4 


B/W 

Quadrant 

n 

U,R,S 

RAM Address 


EXAMPLE: n = 4, Word Mode 


U 

0011 

0001 

0101 

0110 

Rotated U 

0001 

0101 

0110 

0011 

R 

1010 

1010 

1010 

1010 

Mask (S) 

0000 

mi 

0000 

mi 

Destination 

1010 

0101 

1010 

0011 


Rotate and Merge Instruction Set 


B/W 

Quadrant 

n 



UM 

R/DestW 

sw 

| RAM 




0111 

MDAI 

D 

ACC 

I 






1000 

MDAR 

D 

ACC 

RAM 

00000 

R00 

0 = B 



1001 

MDRI 

D 

RAM 

I 



1 = w 



1010 

MDRA 

D 

RAM 

ACC 






1100 

MARI 

ACC 

RAM 

I 






1110 

MRAI 

RAM 

ACC 

I 




Instruction 


ROTM 


Note: 


1. U = Rotated Source 

R/Dest = Non-Rotated Source/Destination 
S = Mask 

Y Bus and Status 


Instruction 

Opcode 

B/W 

Y-Bus 

Flag3 

FIag2 

Flagl 

LINK 

OVR 

o 

D 

01 

ROTM 


1 = W 

Yj < — (Non Rot Op);* (mask); + 

(Rot Op)(i— n)mod I6*(mask); 

NC 

NC 

NC 

NC 

0 

u 

0 

u 

0 = B 


NC 

NC 

NC 

NC 

0 

u 

0 

u 


U = Update 
NC = No Change 

0 = Reset 

1 = Set 
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Instruction Set (Continued) 

Rotate and Compare Instructions 

The five fields of the Rotate and Compare instructions are: 

1. Mode (Byte or Word) 

2. Rotated Source (U) 

3. Non-Rotated Source (R) 

4. Mask (S) 

5. Number of bits Rotated (n) 

Input U is rotated n bits, ANDed with the inversion of S 
and compared with the input R ANDed with the inversion 
of S. Thus, a zero in the mask S will allow that bit of both 
inputs to be compared. The Z bit of the Status Register is 
set if the comparison passes, and reset if it does not. OVR 
and C bits are reset in the Status Register. 


Rotate and Compare Function 

U S (MASK) R 



Rotate and Compare Field Definitions 


15 14 13 12 9 8 5 4 0 


ROTC 


B/W 

Quadrant 

n 

U,R,S 

RAM Address 


EXAMPLE: n = 4, Word Mode 


U 

0011 

0001 

0101 

0110 

Rotated U 

0001 

0101 

0110 

0011 

R 

0001 

0101 

mi 

0000 

Mask (S) 

Z (Status) = 1 

0001 

0101 

mi 

nil 


Rotate and Compare Instruction Set 


Instruction 

B/W 

Quad 

n 

utl] Rtl] sW 

RAM Address 

ROTC 

0 = B 

1 = W 

01 

0 to 15 

0010 CDAI D ACC I 

0011 CDRI D RAM I 

0100 CDRA D RAM ACC 

0101 CRAI RAM ACC I 

00000 R00 RAM Reg 00 

11111 R31 RAM Reg 31 


Note: 

1. U = Rotated Source 
R = Non-Rotated Source 
S = Mask 


Y Bus and Status 


Instruction 

Opcode 

B/W 

Y-Bus 

Flag3 

Flag2 

Flagl 

LINK 

OVR 

□ 

D 

o 

ROTC 


1 = W 

Yj < — (Non Rot Op)j* (mask); © 
(Rot Op)(, - n ) m od 16 ’(mask); 

NC 

NC 

NC 

NC 

0 

u 

0 

u 

0 = B 

Y; < — (Non Rot Op);* (mask); © 
(Rot Op)(; - n ) mod 8*(mask); 

NC 

NC 

NC 

NC 

0 

u 

0 

u 


U = Update 
NC = No Change 

0 = Reset 

1 = Set 

i = 0 to 15 when not specified 
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Instruction Set (Continued) 

Prioritize Instruction 

The four fields of the Prioritize instruction are: 

1. Mode (Byte or Word) 

2. Mask Source (S) 

3. Operand Source (R) 

4. Destination 

The inverted mask, S is ANDed with R. A “one” in S 
prohibits that bit from participating in the priority encod- 
ing. From the 16-bit input, the priority encoder outputs a 
5-bit binary weighted code indicating the bit-position of the 
highest priority active bit. If there are no active bits, the 
output is zero. See Figure for operation in both word and 
byte mode. Using Prioritize updates the N and Z bits of the 
Status Register, and forces C and OVR to zero. This in- 
struction is limited in that the operand and the mask must 
be different sources. 


Prioritize Function 


R S (MASK) 



0085-12 


Prioritize Instruction Field Definitions 


15 14 13 12 9 8 5 4 0 


B/W 

Quad 

Destination 

Source (R) 



RAM Address/ 
Mask (S) 

B/W 

Quad 

Mask (S) 

Destination 

RAM Address/ 
Source (R) 

B/W 

Quad 

Mask (S) 

Source (R) 

RAM Address/ 
Destination 

B/W 

Quad 

Mask (S) 

Source (R) 

Destination 


Word Mode Byte Mode 


Highest 

Priority 

Bit Active 

Encoder 

Output 

Highest 

Priority 

Bit Active 

Encoder 

Output 

None 

0 

None 

0 

15 

1 

7 

1 

14 

2 

6 

2 

* 

* 

* 

* 

* 

* 

* 

* 

1 

15 

1 

7 

0 

16 

0 

8 


*Bits 8 through 15 not available. 


Prioritize Instruction 


Instruction 

B/W 

Quad 

Destination 

Source (R) 

RAM Address/Mask (S) 

PRT1 

0 = B 

1 = W 

10 

1000 PRIA ACC 

1010 PR1Y Y Bus 

1011 PR1R RAM 

0111 RPT1A ACC 

1001 PR1D D 

00000 R00 RAM Reg 00 

11111 R31 RAM Reg 3 1 

Instruction 

B/W 

Quad 

Mask (S) 

Destination 

RAM Address/Source (R) 

PRT2 

0 = B 

1 = W 

10 

1000 PRA ACC 

1010 PRZ O 

1011 PRI I 

0000 PR2A ACC 
0010 PR2Y Y Bus 

00000 R00 RAM Reg 00 

11111 R31 RAM Reg 3 1 

Instruction 

B/W 

Quad 

Mask (S) 

Source (R) 

RAM Address/Destination 

PRT3 

0 = B 

1 = W 

10 

1000 PRA ACC 

1010 PRZ O 

1011 PRI I 

0011 PR3R RAM 

0100 PR3A ACC 

0110 PR3D D 

00000 R00 RAM Reg 00 

mil R31 RAM Reg 3 1 

Instruction 

B/W 

Quad 

Mask (S) 

Source (R) 

Destination 

PRTNR 

0 = B 

1 = W 

11 

1000 PRA ACC 

1010 PRZ O 

1011 PRI I 

0100 PRTA ACC 

0110 PRTD D 

00000 NRY Y Bus 

00001 NRA ACC 
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Instruction Set (Continued) 


Y Bus and Status — Prioritize Instruction 



B/W 

Y-Bus 

Flag3 

Flag2 

Flagl 

LINK 

OVR 

1 = W 

Yj <— CODE (SCR n »mask n ); 

Y m ■*— 0; i = 0 to 4 and n = 0 to 15 
m = 5 to 15 

NC 

NC 

NC 

NC 

0 

0 = B 

Yi <— CODE (SCR n *mask„); 

Y m * — 0; i = 0 to 3 and n = 0 to 7 
m =4 to 15 

NC 

NC 

NC 

NC 

0 


Instruction Opcode B/W 


PRT3 

PRTNR 


*QLINK is loaded with the shifted out bit from the checksum register. 
SRC = Source 0 = Reset 

U = Update 1 = Set 

NC = No Change i = 0 to 15 when not specified 

CRC Instruction 

The single designator for this instruction is the address of 
the RAM location that is used as the check sum register. 
Two CRC instructions, CRC Forward and CRC Reverse, 
are available. These instructions give the procedure for de- 
termining the check bits in a CRC calculation. Since the 
CRC standards do not specify which data bit is transmitted 
first, the MSB or the LSB, both Forward and Reverse op- 


0 U 0 u 


0 U 0 u 


tions are available to the user. The process for generating 
the check bits for the CRC Forward and Reverse opera- 
tions are illustrated in the figures below. The ACC is used 
as a polynomial mask while the RAM contains the partial 
sum and eventually the final check sum. The serial input 
comes from the QLINK bit of the Status Register. Status 
Register bits OVR and C are forced to zero while LINK, N 
and Z bits are updated. 


CRCR 1 


Cyclic-Redundancy-Check Definitions 

1 13 12 9 8 54 

Quadrant 0110 0011 

Quadrant 0110 1001 


RAM Address 


RAM Address 


CRC Forward Function 



0085 - 1 ! 
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Y Bus and Status 


Instruction 

Opcode 

B/W 

Y-Bus 

Flag3 

Flag2 

Flagl 

LINK 

OVR 

□ 

D 

B 

CRCF 


1 = W 

Y; <— [(QLINK © RAMj 5 > ACQ] 

© RAMj - i for i = 15 to 1 

Yo <— [(QLINK © RAM 15 )* ACCo] © 0 

NC 

NC 

NC 

RAM 15 * 

0 

u 

0 

u 

CRCR 

■ 

1 = w 

Yi [(QLINK © RAM 0 )* ACQ] 

© RAM; + i for i = 14 to 0 

Yis [(QLINK © RAM 0 )* ACC 15 ] © 0 

NC 

NC 

NC 

RAM 0 * 

0 

u 

0 

u 


‘QLINK is loaded with the shifted out bit from the checksum register. 
J - Update 0 = Reset 

vJC = No Change 1 = Set 


i = 0 to 15 when not specified 
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Instruction Set (Continued) 


Status Instructions 


7 6 5 4 3 2 1 0 



Set Status: Specifies which bits in the Status Register are to 
be set. 

Reset Status: Specifies which bits in the Status Register are 
to be cleared. 

Store Status: Indicates byte or word and the destination 
into which the processor status is saved. The register is 
always stored in the low byte of the destination. The high 
byte is unchanged for RAM storage and is loaded with 
zeroes for ACC storage. 

Load Status: Imbedded in the Single- and Two-Operand 
Instructions. 

Test Status: Instructions specify which of the 12 possible 
test conditions are to be placed on the conditional test out- 
put. In addition to the 8 status bits, four logical functions 
may be selected: N © OVR, (N © OVR) + Z, Z + C, 
and LOW. These functions are useful in testing two’s com- 
plement and unsigned number arithmetic operations. 


The status register may also be tested via the T bus as 
shown below. The instruction lines Ii thru I4 have bus 
priority for testing the status register on the CT output. 



Status 


15 14 13 12 9 8 5 4 0 

SETST 
RSTST 

SYSTR 
SVSTNR 




Instruction 

B/W 

Quad 

SETST 

0 

11 

Instruction 

B/W 

Quad 

RSTST 

0 

11 

Instruction 

B/W 

Quad 

SYSTR 

0 = B 

1 = W 

10 

Instruction 

B/W 

Quad 

SVSTNR 

0 = B 

1 = W 

11 

Instruction 

B/W 

Quad 













00011 

SONCZ 

Set OVR, N, C, Z 

00101 

SL 

Set LINK 

00110 

SF1 

Set Flagl 

01001 

SF2 

Set Flag2 

01010 

SF3 

Set Flag3 

Opcode 

00011 

RONCZ 

Reset OVR, N, C, Z 

00101 

RL 

Reset LINK 

00110 

RF1 

Reset Flagl 

01001 

RF2 

Reset Flag2 

01010 

RF3 

Reset Flag3 

RAM Address/Destination 

00000 

R00 

RAM Reg 00 

11111 

R31 

RAM Reg 31 

Destination 

00000 

NRY 

Y Bus 

00001 

NRA 

ACC 

Opcode (CT) 

00000 


Test (N© OVR) + Z 

00010 


Test N© OVR 

00100 


Test Z 

00110 


Test OVR 

01000 

TLOW 

Test LOW 

01010 

TC 

Test C 

01100 

TZC 

Test Z + C 

01110 

TN 

Test N 

10000 j 

TL 

Test LINK 

10010 

TF1 

Test Flagl 

10100 

TF2 

Test Flag2 

10110 I 

TF3 

Test Flag3 


Note: IEN * test status instruction has priority over Ti_ 4 instruction. 
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Instruction Set (Continued) 


Instruction 

Opcode 

Description 


RONCZ 

Reset OVR, N, C, Z 


RL 

Reset LINK 

RSTST 

RF1 

Reset Flagl 


RF2 

Reset Flag2 


RF3 

Reset Flag3 


SONCZ 

Set OVR, N, C, Z 


SL 

Set LINK 

SETST 

SF1 

Set Flagl 


SF2 

Set Flag2 


SF3 

Set Flag3 

SVSTR 

SVSTNR 


Save Status* 


TNOZ 

Test (N® OVR) + Z 


TNO 

Test (N® OVR) 


TZ 

Test Z 


TOVR 

Test OVR 


TLOW 

Test LOW 


TC 

Test C 


TZC 

Test Z + C 


TN 

Test N 


TL 

Test LINK 


TF1 

Test Flagl 


TF2 

Test Flag2 


TF3 

Test Flag3 


Y Bus and Status 


Y-Bus 


< — 0 for i = 0 to 1 5 



CY7C9115 

CY7C9116/CY7C9117 


— — mi ma 

EBEaBsaEaEaisaEgBB l 


HHHHflHHESIESEEiS 

ft: CTBMBffMBffMBffSIIflSIBffaiffa 



LT = Update 
NC = No Change 
} = Reset 
1 = Set 

= 0 to 15 when not specified 

No-Op Instruction 

The No-Op Instruction does not affect any internal regis- 
;ers; the Status Register, RAM register and AC register are 
eft unchanged. The 16-bit opcode is fixed. 


NC NC NC NC 


ISBIPBIPBIRH 

E 3 E 3 E 3 Ea 

KBIEiEBEB 

ISBIRBIKEBUSH 

B3BBBBE 

EBEBBaE 

@@@@ 

E 3 B 3 EBEa 

caisgciB Ga 

iflBUSBUHSHHB l 


*In byte mode only the lower byte from the Y bus is loaded into the 
RAM or ACC and in word mode all 16-bits from the Y bus are loaded 
into the RAM or ACC. 

**Y-Bus is Undefined. 


No Operation Field Definition 

13 12 9 8 


Instruction 


No-Op 


Instruction Opcode 


No-Op 


Y-Bus is undefined. 
RC = Source 
J = Update 
IC = No Change 


No-Op Instruction 


Quad 


11 


Y Bus and Status 


Flag3 

Flag2 

Flagl 

LINK 

OVR 

N 

c 

Z 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 


0 = Reset 

1 = Set 

i = 0 to 15 when not specified 
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Electrical Characteristics Over Commercial and Military Operating Range Vcc Min. = 4.5V, Ycc Max. — 5.5V 


Test Conditions 


V C c = Min. 

Iqh = — 1.6 mA 


V C c Min. 
Iql = 16 mA 


Vss ^ Vin ^ Vcc 
Vcc = Max. 


Vcc = Max. 

Vqut = Vssto Vcc 


Vcc = Max. 
Vqut = OV 


v ss ^ Vin ^ ViLor 

Vih < Vin < Vcc; OE Y = HIGH 


Vin = Vcc or GND 
Vcc = Max. 
lOPER = o JJ.A 


Vcc = Max., fcLK = 10 MHz 
OEy = HIGH 


Test Conditions 


T a = 25°C, f = 1 MHz 
Vcc = 5.0V 


1. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. 

2. To calculate Icc at any given frequency, use Icc(Ql) + Icc(A.C.) where Icc(Ql) is shown above and Icc(A.C.) =1.9 mA/MHz X Clock Frequency 
for the Commercial temperature range. Icc(A.C.) = 2.1 mA/MHz X Clock Frequency for Military temperature range. 

3. Tested on a sample basis. 


Parameters 

Description 

VOH 

Output HIGH Voltage 

VOL 

Output LOW Voltage 

VlH 

Input HIGH Voltage 

VlL 

Input LOW Voltage 

Iix 

Input Leakage Current 

loz 

Output Leakage Current 

isc 

Output Short 

Circuit Current HI 

Winn [2] 

Supply Current 

Commercial 


(Quiescent) 

Military 


Supply Current 
(Static) 

Commercial 

Icc(Q2) 

Military 

W/May 3 [2] 

Supply Current 

Commercial 


Military 



Capacitance [3] 


Parameters 

Description 

ClN 

Input Capacitance 

CqUT 

Output Capacitance 



Output Loads Used for AC Performance Characteristics 

+ 5 V All Outputs 


All Input Pulses 




R 1 = 1 1 4tl 


3.0 V- 

i 

'-90% J 

¥ 0UT' J - 


0085-16 


10%-/ 






<5 ns — ► 



-90% 

Vl0%_ 

■« — <5 ns 


0085-15 

Notes: 

1. Cl = 50 pF includes scope probe, wiring and stray capacitance. 

2. Cl = 5 pF for output disable tests. 
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Commercial Switching Characteristics 


Guaranteed Commercial Range A.C. Performance Characteristics 

(Ta = 0°c to + 70°C, Vcc = 4.5V to 5.5V, C L = 50 pF) 


Combinational Propagation Delays (ns) 


To Output 

From Input 

Vo-15 

Tl-4 

CT 

CY7C9116 

CY7C9117 

35 

45 

65 

35 

45 

65 

35 

45 

65 

l0-4 

(ADDR) 

35 

45 

65 

35 

52 

73 




10-15 

(DATA) 

35 

45 

65 

35 

52 

73 




Io-15 

(INST) 

35 

45 

65 

35 

52 

73 

20 

29 

30 

DLE* 

20 

32 

55 

30 

32 

55 




T 1-4 







15 

25 

27 

CP 

30 

32 

60 

30 

32 

66 

25 

25 

37 

Yo-15 

20 

32 

53 

30 

32 

53 




IEN 







15 

25 

25 


*DLE is guaranteed by other tests. 


Enable/Disable Times (ns) (Cl = 5 pF, Disable Only) 


From 

Input 

To 

Output 

Enable 

Disable 

TpZH 

Tpzi. 

Tphz 

TpLZ 

35 

45 

65 

35 

45 

65 

35 

45 

65 

35 

45 

65 

Ol Y 

Y 0 -Y 15 

18 

20 

22 

18 

20 

22 

18 

20 

22 

18 

20 

22 

OEt 

T 1 -T 4 

15 

20 

22 

15 

20 

22 

15 

20 

22 

15 

20 

22 



Clock and Pulse Requirements (ns) 


Input 

Minimum Low Time 

Minimum High Time 

35 

45 

65 

35 

45 

65 

CP 

15 

15 

20 

15 

15 

15 

DLE 




15 

15 

15 

Ten 

15 

15 

20 
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Set-up and Hold Times (ns) 



With 

Respect 

To 


High to Low 
Transition 


Low to High 
Transition 


CY7C9116 and CY7C9117 


10-4 

(RAM Addr) 


10-4 

(RAM Addr) 


10-15 

(Data) 


Io-4 

(RAM Addr) [2] 


Set-up 

Hold 

35 

45 

65 

35 

45 

65 

12 

13 

13 

0 

0 

0 



■ 

■ 

■ 



■ 

15H1 

18tl] 

24(11 

4(H 

5(H 

lodl 

15[ll 

18(1] 

24(11 

4(U 

5(H 

10(11 

■ 

■ 

■ 



■ 




Two Addr 
(Immediate) 


IEN HIGH 


IEN LOW 


IEN LOW 


SRE 


ym 


yW 


DLE 


Notes: 

1 . Timing for immediate instruction for first cycle. 

2. CY7C9117 only. 

3. CY7C91 15 and CY7C91 16 only. 

4. Y = DforCY7C9117. 

5. tsx and tjiK referenced on the waveforms are looked up on this table by x = line number on the left. Ex: tsi — 13 ns for — 53 ns devices. 

Military Switching Characteristics 

Guaranteed Military Range A.C. Performance Characteristics 

(T A = -55°C to + 125°C, Vcc = 4.5V to 5.5V, C L = 50 pF) 


Two Addr 
(Immediate) 


Disable 


Enable 


Note 1 


Combinational Propagation Delays (ns) 


To Output 

From Input 

Yo-15 

T 1-4 


CY7C9116 

CY7C9117 

40 

65 

79 

40 

65 

79 

40 

Io-4 

(ADDR) 

40 

65 

79 

40 

65 

79 


Io-15 

(DATA) 

40 

65 

79 

40 

65 

79 


Io-15 

(INST) 

40 

65 

79 

40 

65 

79 

22 

DLE* 

20 

52 

62 

30 

52 

62 





'DLE is guaranteed by other tests. 
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CY7C9115 

CY7C9116/CY7C9117 


Military Switching Characteristics (Continued) 
Enable/Disable Times (ns) (Cl = 5 pF, Disable Only) 



To 

Output 

Enable 

Disable 

TpzH 

TpZL 

Tphz 

TpLZ 

40 

65 

79 

40 

65 

79 

40 

65 

79 

40 

65 

79 

oe y 

Yo-Yis 

18 

22 

25 

18 

22 

25 

18 

18 

25 

18 

18 

25 

OEj 

T 1 -T 4 

18 

18 

20 

18 

18 

20 

15 

15 

20 

15 

15 

20 


Clock and Pulse Requirements (ns) 


Input 

Minimum Low Time 

Minimum High Time 

40 

65 

79 

40 

65 

79 

CP 

15 

20 

25 

15 

15 

15 

DLE 




15 

15 

15 

lEN 

15 

15 

15 





Set-up and Hold Times (ns) 


[5] 

Input 

With 

Respect 

To 

High to Low 

Transition 

Low to High 

Transition 

Comments 

Set-up 

Hold 

Set-up 

Hold 

CY7C9116 and CY7C9117 

40 

ra 

79 

40 

□ 

79 

19 

O 

Q 

O 

0 

0 


1 

Io-4 

(RAM Addr) 

CP 

12 

12 

12 

0 

1 

1 

■ 

■ 

■ 

■ 

■ 

■ 

Single Addr 
(Source) 

2 

Io-4 

(RAM Addr) 

CP & 
IEN 

5 

7 

D 

< — Do Not Change — > 

0 

0 

0 

Two Addr 
(Destination) 

3 

Io-15 

(Data) 

CP 



■ 



■ 

43 

56 

65 

0 

0 

0 


fl 

Io-4 

(RAM Addr) [2] 

IEN 

15m 

25 

27tl] 

5W 

12 

12 m 

■ 

■ 

■ 

■ 

■ 

■ 

Two Addr 
(Immediate) 

5 

I 0-15 (Instr)[3] 

CP 

15m 

ra 

27W 

5m 

ra 

12 m 

B 

O 

El 

0 

2 

2 


6 

IEN12] 

CP 

■ 






■ 

■ 

■ 

8 

8 

8 

Two Addr 
(Immediate) 

7 

IEN HIGH 

CP 

5 

5 

5 







0 

2 

2 

Disable 

8 

lEN LOW 

CP 







19 

19 

O 

0 

3 

3 

Enable 

s 

lEN LOW 

CP 

7 

7 

7 

0 

3 

3 







Note 1 

Ea 

SRE 

CP 







19 

19 

O 

O 

1 

1 


11 

yW 

CP 







O 

O 


0 

ra 

ra 


12 

yW 

DLE 

7 

7 

7 

3 

3 

3 








13 

DLE 

CP 








19 

O 

ra 

0 

ra 



fotes: 

. Timing for immediate instruction for first cycle. 4. Y = D for CY7C9117. 

. CY7C91 17 only. 5. tsx and tnx referenced on the waveforms are looked up on this table 

. CY7C91 15 and CY7C91 16 only. by x = line number on the left. Ex: tsi = 24 ns for — 79 ns devices. 
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NORMALIZED FREQUENCY NORMALIZED I, 


CY7C9115 

CY7C9116/CY7C9117 



Typical DC and AC Characteristics 


NORMALIZED SUPPLY CURRENT 



4.0 4.5 5.0 5.5 6.0 


NORMALIZED SUPPLY CURRENT 



-55 25 125 


OUTPUT SOURCE CURRENT 



0.0 1 .0 2.0 3.0 4.0 


SUPPLY VOLTAGE (V) 


AMBIENT TEMPERATURE (°C) 


OUTPUT VOLTAGE (V) 


NORMALIZED FREQUENCY 



4.0 4.5 5.0 5.5 6.0 


NORMALIZED FREQUENCY 
vs. AMBIENT TEMPERATURE 

1.6 

1.4 

1.2 

1.0 

0.8 

0.6 

-55 25 125 









V CC = 5.0V 




OUTPUT SINK CURRENT 



1.0 


4.0 


SUPPLY VOLTAGE (V) 


AMBIENT TEMPERATURE (°C) 


OUTPUT VOLTAGE (V) 


NORMALIZED OUTPUT DELAY 



0 200 400 600 800 1000 


NORMALIZED Ice 



0 5 10 15 20 25 30 35 


CAPACITANCE (pF) 


FREQUENCY (MHz) 


0085-23 
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Set-up and Hold Times (Cross Ref. Table) 


[1] 

High to Low 
Transition 

Low to High 
Transition 

Set-up 

Hold 

Set-up 

Hold 

1 

tsi 

thl 



2 

tS2 



th2 

3 



tS3 

th3 

4 

tS5 

th5 



5 

tS4 

th4 

tS13 

thl3 

6 




th6 

7 

tS7 



th7 

8 



tS8 

th8 

9 

tS14 

thl4 



10 



tS9 

th9 

11 



tsio 

thlO 

12 

tsn 

thll 



13 



tS12 

thl2 


Note: 

1. Refer to Set-up and Hold times shown on pages 22 & 23. 


Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

35 

CY7C9115-35JC 

J69 

Commercial 

45 

CY7C9115-45JC 

J69 

65 

CY7C9115-65JC 

J69 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

35 

CY7C9117-35GC 

G68 

Commercial 


CY7C9117-35JC 

J81 



CY7C9117-35LC 

L81 


45 

CY7C9117-45GC 

G68 



CY7C9117-45JC 

J81 



CY7C9117-45LC 

L81 


65 

CY7C9117-65GC 

G68 



CY7C9117-65JC 

J81 



CY7C9117-65LC 

L81 


40 

CY7C9117-40GMB 

G68 

Military 


CY7C91 17-40LMB 

L81 


65 

CY7C91 17-65GMB 

G68 



CY7C91 17-65LMB 

L81 


79 

CY7C9117-79GMB 

G68 



CY7C9 1 17-79LMB 

L81 



Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

35 

CY7C9116-35LC 

L69 

Commercial 


CY7C9116-35JC 

J81 



CY7C9116-35DC 

D28 


45 

CY7C9116-45LC 

L69 



CY7C9116-45JC 

J81 



CY7C91 16-45DC 

D28 


65 

CY7C91 16-65LC 

L69 



CY7C9116-65JC 

J81 



CY7C9116-65DC 

D28 


40 

CY7C91 16-40LMB 

L69 

Military 


CY7C9 1 1 6-40DMB 

D28 


65 

CY7C91 16-65LMB 

L69 



CY7C91 16-65DMB 

D28 


79 

CY7C91 16-79LMB 

L69 



CY7C9116-79DMB 

D28 
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CY7C9115 

CY7C9116/CY7C9117 


Military Specifications 
Group A Subgroup Testing 

DC Characteristics 


Parameters 

Subgroups 

VOH 

1,2,3 

VOL 

1,2,3 

VlH 

1,2,3 

Vjl Max. 

1,2,3 

Iix 

1,2,3 

loz 

1,2,3 

isc 

1,2,3 

Icc(QD 

1,2,3 

Icc(Max) 

1,2,3 


Switching Characteristics 


Parameters 

Subgroups 

l 0 - 4 (Addr) 

7,8,9,10,11 

l 0 - 15 (Data) 

7,8,9,10,11 

IO-i 5 (Instr) 

7,8,9,10,11 

DLE 

7,8,9,10,11 

1 1 —4 

7,8,9,10,11 

CP 

7,8,9,10,11 

Yo-15 

7,8,9,10,11 

Jen 

7,8,9,10,11 

oe y 

7,8,9,10,11 

OEx 

7,8,9,10,11 

CP 

7,8,9,10,11 


Document #: 38-00057-C 
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Introduction to RISC 


Introduction 

This section provides an overview of the basic concepts and advan- 
tages of RISC computer architectures in general and a brief sum- 
mary of the specific features of the RISC computer implemented 
in Cypress’s CY7C600 family. 

Scalable Processor Architecture 

The Cypress CY7C600 family implements a RISC architecture 
called SPARC ™ . SPARC stands for Scalable Processor ARChi tec- 
ture. It is applicable to large high-performance machines as well 
as small machines. The term “scalable” refers to the size of the 
smallest lines on a chip. As lines become smaller, chips get faster. 
However, some chip designs do not shrink well (they do not scale 
properly) because the architecture is too complicated. Because of 
its simplicity, the CY7C600 scales well. Consequently, CY7C600 
systems will become faster as better semiconductor techniques are 
perfected. SPARC is an open computer architecture. We believe 
that the intelligent and aggressive nature of the SPARC design will 
make it an industry standard. The design specification is pub- 
lished, and other vendors are also producing SPARC microproces- 
sors. 

What is RISC? 

RISC, an acronym for Reduced Instruction Set Computer, is a 
style of computer architecture emphasizing simplicity and efficien- 
cy. RISC designs begin with a necessary and sufficient instruction 
set. Typically, a few simple operations account for almost all com- 
putations. RISC machines are about two to five times faster than 
machines with traditional complex instruction set architectures. 
Also, RISC machine’s simpler designs are easier to implement, re- 
sulting in shorter design cycles. 

RISC architectures are a response to the evolution from assembly 
language to high-level languages. Assembly language programs 
occasionally employ elaborate machine instructions, whereas 
high-level language compilers rarely do. For example, most C com- 
pilers use only about 30% of the available instructions on CISC 
machines. Studies show that approximately 80% of a typical pro- 
gram’s computations require only about 20% of a processor’s in- 
struction set. 

RISC is to hardware what the UNIX® operating system is to soft- 
ware. The UNIX system proves that operating systems can be both 
simple and useful. Hardware studies lead to the same conclusion. 
As advances in semiconductor technology reduce the cost of pro- 
cessing and memory, overly complex instruction sets become a 
performance liability. The designers of RISC machines strive for 
hardware simplicity, with close cooperation between machine ar- 
chitecture and compiler design. At each step, computer architects 
must ask: to what extent does a feature improve or degrade per- 
formance and is it worth the cost of implementation? Each addi- 
tional feature, no matter how useful it is in an isolated instance, 
makes all other perform more slowly by its mere presence. 


The goal of RISC architecture is to maximize the effective speed 
of a design by performing infrequent functions in software, includ- 
ing hardware-only features that yield a net performance gain. Per- 
formance gains are measured by conducting detailed studies of 
large high-level language programs. RISC improves performance 
by providing the building blocks from which high-level functions 
can be synthesized without the overhead of general but complex 
instructions. 


RISC Architecture 


The following characteristics are typical of RISC architectures, in- 
cluding the CY7C600 design: 

• Single-cycle execution. Most instructions are executed in a 
single machine cycle. 

• Hardwired control with no microcode. Microcode add a level 
of complexity and raises the number of cycles per instruction. 

• Load/store, register-to-register design. All computational in- 
structions involve registers. Memory accesses are made with 
only load and store instructions. 

• Simple fixed-format instructions with few addressing modes. 
All instructions arc one word long (typically 32 bits) and have 
few addressing modes. 

• Pipelining. The instruction set design allows for the processing 
of several instructions at the same time. 

• High-performance memory. RISC machines have at least 32 
general-purpose registers (the 7C600 has 136) and large cache 
memories. 

• Migration of functions to software. Only those features that 
measurably improve performance are implemented in hard- 
ware. Programs contain sequences of simple instructions for ex- 
ecuting complex functions rather than the complex instructions 
themselves. 

• Simple, efficient instruction pipeline visible to compilers. For 
example, branches take effect after execution of the following 
instruction, permitting a fetch of the next instruction during ex- 
ecution of the current instruction. 



The real keys to enhanced performance are single-cycle execution 
and keeping the cycle time as short as possible. Many characteris- 
tics of RISC architectures, such as load/store and register-to-regis- 
ter design, facilitate single-cycle execution. Simple fixed-format in- 
structions, in the other hand, permit shorter cycles by reducing 
decoding time. 

Note that some of these features, particularly pipelining and high- 
performance memories, have been used in super-computer de- 
signs for many years. The difference is that in RISC architectures 
these ideas are integrated into a processor with a simple instruc- 
tion set and no microcode. 


Moving functionality from run time to compile time also enhances 
performance. Functions calculated at compile time do not require 
further calculating each time theprogram runs. Furthermore, opti- 
mizing compilers can rearrange pipelined instruction sequences 
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and arrange register-to-register operations to reuse computational 
results. 

A new set of simplified design criteria has emerged: 

• Instructions should be simple unless there is a good reason for 
complexity. To be worthwhile, a new instruction that increases 
cycle time by 10% must reduce the total number of cycles ex- 
ecuted by at least 10%.. 

• Microcode is generally no faster than sequences of hardwired 
instructions. Moving software into microcode does not make it 
better, it just makes it harder to modify. 

• Fixed-format instructions and pipelined execution are more im- 
portant than program size. As memory gets cheaper and faster, 
the space/time tradeoff resolves in favor of time. Reducing 
space no longer decreases time. 

• Compiler technology should use simple instructions to generate 
more complex instructions. Instead of substituting a compli- 
cated microcoded instruction for several simple instructions, 
which compilers did in the 1970s, optimizing compilers can 
form sequences of simple, fast instructions out of complex high- 
level code. Operands can be kept in registers to increase speed 
even further. 

RISC’s Speed Advantage 

Using any given benchmark, the performance (P) of a particular 
computer is inversely proportional to the product of the bench- 
mark’s instruction count (I), the average number of clock cycles per 
instruction (C), and the inverse of the clock speed (S). Assuming 
that a RISC machine runs at the same clock speed as a correspond- 
ing traditional machine, S is identical. The number of clock cycles 
per instruction (C), is around 1.3 to 1.7 for RISC machines, and 
between 4 and 10 for traditional machines. This makes the instruc- 
tion execution rate of RISC machines about 3 to 6 times faster than 
traditional machines. But because traditional machines have more 
powerful instructions, RISC machines must execute more instruc- 
tions for the same program, typically about 10% to 30% more. 
Since RISC machines execute 10% to 30% more instructions 3 to 
6 times faster, they are about 2 to 5 times faster than traditional 
machines for executing typical large programs. 


IxCx i 

Compiled programs on RISC machines are somewhat larger than 
compiled programs on traditional machines because several sim- 
ple instructions replace one complex instruction resulting in de- 
creased code density. All SPARC instructions are 32 bits wide, 
whereas some instructions on traditional machines are narrower. 
But the number of instructions actually executed may not be as 
great as the increased program size would indicate. A windowed 
register file, for example, often simplifies call/return sequences so 
that context switches become less expensive. 

CY7C600 Architecture 

The SPARC CPU is composed of a CY7C601 Integer Unit (IU) 
that performs basic processing, and a CY7C602 Floating-Point 
Unit (FPU) that performs floating-point calculations. The 
CY7C602 is a SPARC-compatible floating-point unit. 
CY7C600-based computers typically have a Memory Management 
Unit (MMU), a large virtual-address cache for instructions and 
data, and are organized around a 32-bit data and instruction bus. 


The integer and floating-point units operate concurrently. The 
FPU performs floating-point calculations with a set number of 
floating-arithmetic units. The CY7C600 architecture also specifies 
an interface for the connection of an additional coprocessor. 

Instruction Categories 

The CY7C600 architecture has about 50 integer instructions. 
CY7C600 instructions fall into seven basic categories: 

• Load and store instructions (the only way to access memory). 
These instructions use two registers or a register and a constant 
to calculate the memory address involved. Half-word accesses 
must be aligned on 2-byte boundaries, word accesses on 4-byte 
boundaries, and double-word accesses on 8-byte boundaries. 
These alignment restrictions greatly speed up memory access. 

• Arithmetic/logical/shift instructions. These instructions com- 
pute a result that is a function of two source operands and then 
place the result in a register. They perform arithmetic, logical, 
or shift operations. 

• Floating-point and coprocessor instructions. These include 
floating-point calculations, operations on floating-point regis- 
ters, and instructions involving the optional coprocessor. Floa- 
ting-point operations execute concurrently with IU instructions 
and with other floating-point operations when necessary. This 
concurrency is transparent to the programmer. 

• Control transfer instructions. These include jumps, calls, 
traps, and branches. Control transfers are usually delayed until 
after execution of the next instruction so that the pipeline is not 
emptied every time a control transfer occurs. Thus compilers 
can be optimized for delayed branching. 

• Read/write control register instructions. These include in- 
structions to read and write the contents of various control reg- 
isters. Generally the source or destination is implied by the in- 
structions. 

• Artificial intelligence instructions. These include the tagged 
arithmetic instructions Tagged Add and Tagged Subtract. 
Tagged instructions are useful for implementing artificial intel- 
ligence languages such as LISP, because tags can automatically 
indicate to software interpreters the data type of arithmetic op- 
erands. 

• Multiprocessing instructions. These include two instructions 
for implementing semaphores in memory: Atomic Load/Store 
Unsigned Byte, which loads a byte from memory and then sets 
the location to all Is, and SWAP, which exchanges the contents 
of a register and memory location. Both of these instructions 
are “atomic” or ininterruptible. 

Register Windows 

A unique feature contributing to the high performance of the 
CY7C600 design is its overlapping register windows. Results left 
in registers by a calling routine automatically become available op- 
erands for the called routine, reducing the n^ed for load and store 
instructions to main memory. 

According to the architectural specification, there may be any- 
where between 2 and 32 register windows, each window having 24 
working registers, plus 8 global registers. The first implementation 
has 8 register windows with 24 registers each (but count only 16 
since 8 overlap), plus 8 global registers, for a total of 136 registers. 
Recent research suggests that register windows and tagged arith- 
metic, found in CY7C600 systems, but not in other commercial 
RISC machines, are sufficient to provide excellent performance 
for expert system development requiring AI languages such as 
LISP and Smalltalk. 
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TVaps and Interrupts 

The CY7C600 design supports a full set of traps and interrupts. 
They are handled by a table that supports 128 hardware and 128 
software traps. Even though floating-point instructions can ex- 
ecute concurrently with integer instructions, floating-point traps 
are precise because the FPU supplies (from the table) the address 
of the instructions that failed. 

Protection 

Some CY7C600 instructions are privileged and can only be ex- 
ecuted while the processor is in supervisor mode. This instruction 
execution protection ensures that user programs cannot acciden- 
tally alter the state of the machine with respect to its peripherals. 

The CY7C600 design also provides memory protection, which is 
essential for smooth multitasking operation. Memory protection 
makes it impossible for user programs to corrupt the system, other 
user programs, or themselves. 

Open Architecture 

Advantages of Open Architecture 

The CY7C600 design is the first open RISC architecture, and one 
of the few open CPU architectures. Standard products are more 
beneficial than proprietary ones because standards allow users to 
acquire that most cost-effective hardware and software in a com- 
petitive multivendor marketplace. Integrated circuits come from 
several competing semiconductor vendors, while software is 
supplied by systems vendors. This advantage is lost when users are 
limited by a processor with proprietary hardware and software. 

RISC architectures, and the CY7C600 design in particular, are 
easy to implement because they are relatively simple. Since they 
have short design cycles, RISC machines can absorb new technolo- 
gies almost immediately, unlike more complicated computer ar- 
chitectures. 

CY7C600 systems were designed to support: 

• The C programming language and the UNIX operating system 

• Numerical applications (using FORTRAN) 

• Artificial intelligence and expert system applications using AI 
languages such as LISP and Prolog 

Supporting C is relatively easy; most modem hardware architec- 
tures are able to do so. The one essential feature is byte addressa- 
bility. However, numerical applications require fast floating-point 
operations and artificial intelligence applications require large ad- 
dress spaces and interchangeability of data types. 

The floating-point processor, with pipelined floating-point opera- 
tion capabilities, achieves the high performance needed for nu- 
merical applications. 

For artificial intelligence and expert system applications, 
CY7C600 systems offer tagged instructions and word alignment. 
Because languages such as LISP and Prolog are often interpreted, 
word alignment makes it easier for interpreters to manipulate and 
interchange integers and different types of pointers. In the tagged 
instructions, the two low-order bits of an operand specify the type 
of operand. If an operand is an integer, most of the time it is added 
to (or subtracted from) a register. If an operand is a pointer, most 
of the time a memory reference is involved. Language interpreters 
can leave operands in the appropriate registers, greatly improving 
the performance of exploratory programming environments. 


The CY7C600 architecture does not dictate a memory manage- 
ment unit (MMU), although a high-performance unit has been 
specified for the SPARC architecture. The same processor will be 
used in different types of machines. For example, a single-user ma- 
chine with embedded applications does not need an MMU. By 
contrast, a multitasking machine used for timesharing, such as a 
traditional UNIX workstation, needs a paging MMU. Further- 
more, a multiprocessor such as a vector machine or hypercube re- 
quires specialized memory management facilities. The CY7C600 
architecture can be implemented with a different MMU configu- 
ration for each of these purposes, without affecting user software. 

CY7C600 Machines and Other RISC Machines 

The CY7C600 design has more similarities to Berkeley's RISC-II 
architecture than to any other RISC architecture. Like the RISC- 
II architecture, it uses register windows in order to reduce the num- 
ber of load/store instructions. The CY7C600 architecture allows 
32 register windows, but the initial implementation has 8 windows. 
The tagged instructions are derived from SOAR, the “Smalltalk 
On A RISC” processor developed at Berkeley after implementing 
RISC-II. 

CY7C600 systems are designed for optimal floating-point per- 
formance and support single-, double-, and extended-precision op- 
erands and operations, as specified by the ANIS/IEEE 754 floa- 
ting-point standard. High floating-point performance results from 
concurrency of the IU and FPU. The integer unit loads and stores 
floating-point operands, while the floating-point unit performs 
calculations. If an error (such as a floating-point exception) occurs, 
the floating-point unit specifies precisely where the trap took 
place; execution is expediently resumed at the discretion of the in- 
teger unit. Furthermore, the floating-point unit has an internal in- 
struction queue; it can operate while the integer unit is processing 
unrelated functions. 

CY7C600 systems deliver very high levels of performance. The 
flexibility of the architecture makes future systems capable of de- 
livering performance many times greater than the performance of 
the initial implementation. Moreover, the openness of the archi- 
tecture makes it possible to absorb technological advances almost 
as soon as they occur. 

CY7C600 Product Family 

Since the CY7C600 has been designed to offer a complete solution 
fo the implementation of high-performance computers and con- 
trollers, the family consists of several members including an Inte- 
ger Unit, a Floating-Point Controller, a Floating-Point Processor, 
a Cache Controller and Memory Management Unit, and a Cache 
Data RAM. 

The SPARC processor family consists of a CY7C601 Integer Unit 
to perform all non-floating-point operations and a CY7C608 Floa- 
ting-Point Controller (FPC), which interfaces to a CY7C609 Floa- 
ting-Point Processor to perform floating-point arithmetic concur- 
rent with the IU. Support is also provided for a second generic 
coprocessor interface. The IU communicates with external 
memory via a 32-bit address bus and a 32-bit data/instruction bus. 
In typical data-processing applications, the IU and FPU are com- 
bined with a high-performance CY7C604 Cache Controller and 
Memory Management Unit and a cache memory implemented 
with CY7C157 Cache RAMs. In many dedicated controller appli- 
cations the IU can function by itself with high-speed local memory 
only. 
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CY7C601 Integer Unit 

The IU is the basic processing engine that executes all of the in- 
struction set except for floating-point operations. The CY7C601 
IU contains a large 136 x 32 triple-port register file, which is divided 
into 8 windows. Each window contains 24 working registers and 
has access to the same 8 global registers. A current window pointer 
(CWP) filed in the Processor State Register keeps track of which 
window is currently active. The CWP is decremented when the 
processor calls a subroutine and is incremented when the proces- 
sor returns. 

The registers in each window are divided into ins, outs, and locals, 
Each window shares its ins and outs with adjacent windows. The 
outs of the previous window are the ins of the current window, and 
the outs of the current window are the ins of the next window. The 
globals are equally available to all windows and the locals are 
unique to each window. The windows are joined together in a cir- 
cular stack where the outs of the last window are the ins of the first 
window. 

The IU supports a multitasking operating system by providing user 
and supervisor modes. Some instructions are privileged and can 
only be executed while the processor is in supervisor mode. Chang- 
ing from user to supervisor mode requires taking a hardware inter- 
rupt or executing a trap instruction. 

The IU supports both asynchronous traps (interrupts) and syn- 
chronous traps (error conditions and trap instructions). Traps 
transfer control to an offset within a table. The base address of the 
table is specified by a Trap Base Register and the offset is a func- 
tion of the trap type. Traps are taken before the current instruction 
causes any changes visible to the programmer and can therefore 
be considered to occur between instructions. 

CY7C602 Floating-Point Unit 

The CY7C602 FPU provides high-performance, IEEE 
STD-754- 1985-compatible single- and double-precision floating- 
point calculations for 7C600 systems and is designed to operate 
concurrently with the CY7C601. All address and control signals 
for memory accesses by the CY7C602 are supplied by the 
CY7C601. Floating-point instructions are addressed by the 
CY7C601, and are simultaneously latched from the data bus by 
both the CY7C601 and CY7C602. Floating-point instructions are 
concurrently decoded by the CY7C601 and the CY7C602, but do 
not begin execution in the CY7C602 until after the instruction is 
enabled by a signal from the CY7C601. Pending and currently ex- 
ecuting FP instructions are placed in an on-chip queue while the 
IU continues to execute non-floating-point instructions. 

The CY7C602 has a 32 x 32-bit data register file for floating-point 
operations. The contents of these registers are transferred to and 
from external memory under control of the CY7C601 using floa- 
ting-point load/store instructions. Addresses and control signals 
for data accesses during a floating-point load or store are supplied 
by the CY7C601, while the CY7C602 supplies or receives data. Al- 
though the CY7C602 operates concurrently with the CY7C601, a 
program containing floating-point computations generates results 
as if the instructions were being executed sequentially. 

CY7C604 Cache Controller and Memory Management Unit 

The CY7C604 Cache Controller and Memory Management Unit 
(CMU) provides hardware support for a demand-paged virtual 
memory environment for the CY7C601 processor. The CY7C604 


conforms to the standard SPARC architecture definition for 
memory management. Page size is fixed at 4 kilobytes. The CMU 
translates 32-bit virtual addresses from the processor into 36-bit 
physical addresses and provides both write-through and buffered 
copy-back cache policies. The on-chip context register allows sup- 
port of up to 4096 contexts. 

High-speed address look-up is provided by an on-chip translation 
lookaside buffer (TLB). Each entry contains the virtual to physical 
mapping of a 4-kbyte page. If a virtual address match is detected 
in one of the TLB entries, the physical address translation con- 
tained in that entry will be delivered to the outputs of the CMU. 
If the virtual address from the processor has no corresponding 
entry in the CMU, the CMU will automatically perform address 
translation for the virtual address using on-chip hardware to access 
a main memory resident three-level page table. Each “matched” 
TLB entry is checked for protection violation automatically and 
violations are reported to the Integer Unit as memory exceptions. 

The CMU also provides storage for 2048 cache address tags for a 
64-kbyte cache with a 32-byte line size. The tag entries can be di- 
rectly written or read by the processor. In normal operation, eleven 
low-order bits, 15-5, of the virtual address from the processor are 
used to select one of the tag entries in the CY7C604 and its 16-bit 
contents are compared on chip with the 16 high-order processor 
address bits to determine if the cache contains the required data 
or instruction. This cache hit/miss comparison is then qualified by 
various built-in protection checks and the result is output. Pipe- 
lined accesses are supported via on-chip registers that capture both 
address and data from the processor. 

The CY7C604 also contains the logic required in a system to im- 
plement the byte and half-word write capabilities provided in the 
SPARC instruction set. Cache tag update is also simplified by an 
automatic page update on miss feature, which eliminates the need 
for processor accesses during tag update. 

CY7C605 Cache Controller and Memory Management Unit for 
Multiprocessor Systems 

The CY7C605 Cache Controller and Memory Management Unit 
is an extension of the CY7C604 for use in multiprocessor systems. 
The CY7C605 provides the same SPARC reference MMU as the 
CY7C604, but adds an enhanced cache controller that incorpo- 
rates bus snooping and cache coherency protocol required to 
maintain a multiprocessor cache. The CY7C605 provides a dual- 
cache tag memory, which allows the CY7C605 to perform bus 
snooping while it simultaneously supports cache accesses by the 
CY7C601. The CY7C605 cache coherency protocol is based on the 
IEEE Futurebus, which has been recognized as a superior protocol 
for maintaining cache consistency without degrading processor 
performance. 

The CY7C605 supports direct data intervention, which is the capa- 
bility of a CY7C605-based cache to directly supply modified data 
to another requesting cache without first requiring main memory 
in order to supply modified data to another cache. In addition to 
direct data intervention, the CY7C605 also supports memory re- 
flection. Memory reflection allows a memory system to automati- 
cally update itself during a direct data intervention operation. This 
feature allows a multiprocessing system to update both a request- 
ing cache and main memory in a single bus operation. The 
CY7C605 is designed to be pin-compatible with the CY7C604. 
This feature allows a system to be upgraded from uniprocessor to 
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multiprocessor by modifying the operating system and replacing 
the CY7C604 with the CY7C605. 

CY7C157 Cache Data RAM 

The CY7C157 16Kx 16 static RAMs are designed to interface easi- 
ly to and provide maximum performance for the CY7C600 proces- 
sor. The RAM has registered address inputs and latched data in- 
puts and outputs as well as a self-timed write pulse that greatly 
simplifies the design of cache memories for the CY7C601 Integer 
Unit. The device has a single clock that controls loading of the ad- 


dress register, data input latches, data output latches, pipeline con- 
trol latch, and chip enable register. The chip enable is clocked into 
a register and pipelined through a control register to condition the 
output enable. This pipelined design allows a cache that works as 
an extension of the internal instruction pipeline of the CY7C601 
Integer Unit, thereby maximizing performance. The write enable 
is edge-activated and self-timed, thereby eliminating the need for 
the user to generate accurate write pulses in external logic. A sepa- 
rate asynchronous output enable is provided to disable outputs 
during a write or to allow other devices access to the bus. 



Figure 1. Full System Block Diagram 


Copyright 1989 by Cypress Semiconductor Corporation and Sun Microsystems, Inc. 
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32-Bit RISC Processor 


Features 

• Reduced Instruction Set Computer 

(RISC) Architecture 

— Simple format instructions 

— Most instructions execute in a 
single cycle 

• Very high performance 

— 25-, 33-, and 40-MHz clock speeds 
yield 18, 24, and 29 MIPS sus- 
tained throughput respectively 

— Very fast interrupt response 

— Four-stage pipeline 

• Large windowed register file 

— 136 general-purpose 32-bit regis- 
ters 


— Registers can be used as eight win- 
dows of 24 registers each for low 
procedure overhead 
— Registers can also be used as reg- 
ister banks for fast context switch- 
ing 

• Multiprocessing support 

• Large virtual address space 

— 32-bit virtual address bus 

— 8-bit address space identifier bus 

• Hardware pipeline interlocks 

• Multitasking support 

— User/supervisor modes 
— Privileged instructions 

• Artificial intelligence support 

• High-performance coprocessor inter- 
face for user-defined coprocessor 


• FPU interface allows concurrent ex- 
ecution of floating-point instructions 

• 0.8-micron CMOS technology 

• 207 pin grid array package or 208 
quad flat package 

Overview 

The CY7C601 integer unit is a high-speed 
CMOS implementation of the SPARC 
32-bit RISC processor. The RISC archi- 
tecture makes possible the creation of a 
processor that can execute instructions at 
a rate of one instruction per processor 
clock. The CY7C601 supports a tightly 
coupled floating-point interface and co- 
processor interface that allows concurrent 
execution of floating-point, coprocessor, 
and integer instructions. 
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Overview (continued) 

The CY7C601 SPARC processor provides the following features: 

Simple instruction format. All instructions are 32-bits wide and 
aligned on 32-bit boundaries in memory. The three basic instruc- 
tion formats feature uniform placement of opcode and address 
fields. 

Register intensive architecture. Most instructions operate on 
either two registers or one register and a constant, and place the 
result in a third register. Only load and store instructions access 
off-chip memory. 

Large windowed register file. The processor has 136 on-chip 
32-bit registers configured as eight overlapping sets of 24 registers 
each and eight global registers. This scheme allows compilers to 
cache local values across subroutine calls and provides a register 
based parameter passing mechanism. 

Delayed control transfer. The processor always fetches the next 
instruction after a control transfer, and either executes it or annuls 
it depending on the state of a bit in the control transfer instruc- 
tion. This feature allows compilers to rearrange code to place a 
useful instruction after a delayed control transfer and thereby 
take better advantage of the processor pipeline. 

Concurrent floating-point. Floating-point instructions can exe- 
cute concurrently with each other and with non-floating-point in- 
structions. 


Registers 

The CY7C601 contains a large 136 x 32 triple-port register file 
which is divided into 8 windows, each with 24 working registers 
and each having access to the same 8 global registers. A Current 
Window Pointer (CWP) field in the processor state register keeps 
track of which window is currently active. The CWP is decreme- 
nted when the processor calls a subroutine and is incremented 
when the processor returns. The registers in each window are di- 
vided into ins, outs, and locals. The eight global registers are 
shared by all windows and appear as registers 0-7 in each window. 
Registers 8-15 serve as outs, registers 16-23 as locals, and 24-31 
serve as ins. Each window shares its ins and outs with adjacent 
windows. The outs of the previous window are the ins of the cur- 
rent window, and the outs of the current window are the ins of the 
next window. The globals are equally available to all windows and 
the locals are unique to each window. The windows are joined to- 
gether in a circular stack where the outs of window 7 are the ins 
of window 0. 

Multitasking Support 

The CY7C601 supports a multitasking operating system by pro- 
viding user and supervisor modes. Some instructions are privi- 
leged and can only be executed while the processor is in supervisor 
mode. Changing from user to supervisor mode requires taking a 
hardware interrupt or executing a trap instruction. 


Fast interrupt response. Interrupt inputs are sampled on every 
clock cycle and can be acknowledged in one to three cycles. The 
first instruction of an interrupt service routine can be executed 
within 6 to 8 cycles of receiving the interrupt request. 

The 7C600 Family 

The SPARC processor family consists of a CY7C601 integer unit 
to perform all non-floating-point operations and a CY7C602 
Floating-Point Unit (FPU) to perform floating-point arithmetic 
concurrent with the CY7C601. Support is also provided for a sec- 
ond generic coprocessor interface. The CY7C601 communicates 
with external memory via a 32-bit address bus and a 32-bit data/in- 
struction bus. In typical data processing applications, the 
CY7C601 and CY7C602 are combined with a high-performance 
CY7C604 memory management unit and cache controller and a 
cache memory implemented with CY7C157 16-kbyte x 16 cache 
RAMS. In many dedicated controller applications the CY7C601 
can function by itself with only high speed local memory. 

Coprocessor Interface 

The CY7C601 is the basic processing engine which executes all 
of the instruction set except for floating-point operations. The 
CY7C601 and CY7C602 operate concurrently. The CY7C602 
recognizes floating-point instructions and places them in a queue 
while the CY7C601 continues to execute non-floating-point in- 
structions. If the CY7C602 encounters an instruction which will 
not fit in its queue, the CY7C602 holds the CY7C601 until the in- 
struction can be stored. The CY7C602 contains its own set of reg- 
isters on which it operates. The contents of these registers are 
transferred to and from external memory under control of the 
CY7C601 via floating-point load/store instructions. Processor in- 
terlock hardware hides floating-point concurrency from the com- 
piler or assembly language programmer. A program containing 
floating-point computations generates the same results as if in- 
structions were executed sequentially. 


Interrupts and Traps 

The CY7C601 supports both asynchronous traps (interrupts) and 
synchronous traps (error conditions and trap instructions). Traps 
transfer control to an offset within a table. The base address of 
the table is specified by a trap base register and the offset is a func- 
tion of the trap type. Traps are taken before the current instruc- 
tion causes any changes visible to the programmer and can there- 
fore be considered to occur between instructions. 



Instruction Set Summary 

Instructions fall into five basic categories as follows: 

1. Load and store instructions. Load and store are the only in- 
structions which access external memory. They use two CY7C601 
registers or one CY7C601 register and a signed immediate value 
to generate the memory address. The instruction destination field 
specifies either an CY7C601 register, a CY7C602 register, or a 
coprocessor register as the destination for a load or source for a 
store. Integer load and store instructions support 8-, 16-, 32-, and 
64-bit transfers while floating-point and coprocessor instructions 
support 32- and 64-bit accesses. 

2. Arithmetic/logical/shift. These instructions compute a result 
that is a function of two source operands and write the result into 
a destination register or discard it. They perform arithmetic, 
tagged arithmetic, logical, and shift operations. An instruction 
SETHI, useful in creating 32-bit constants in two instructions, 
writes a 22-bit constant into the high order bits of a register and 
zeroes the remaining bits. The contents of any register can be 
shifted left or right any number of bits in one clock cycle as speci- 
fied by a register or the instruction itself. The tagged instructions 
are useful in artificial intelligence applications. 

3. Control transfer. Control transfer instructions include jumps, 
calls, traps and branches. Control transfer is usually delayed so 
that the instruction immediately following the control transfer 
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(called the delay instruction) is executed before control is trans- 
ferred to the target location. The delay instruction is always 
fetched, however, a bit in the control transfer instruction can 
cause the delay instruction to be nullified if the branch is not 
taken. This flexibility increases the likelihood that a useful in- 
struction can be placed after the control transfer thereby filling 
an otherwise unused hole in the processors pipeline. Branch and 
call instructions use program counter relative displacements. A 
jump and link instruction uses a register indirect displacement 
computing its target address as either the sum of two registers or 
the sum of a register and a 13-bit signed immediate value. The 
branch instruction provides a displacement plus or minus 8 mega- 
bytes, and the call instructions 30-bit displacement allows transfer 
to almost any address. 

4. Read/write control registers. The processor provides special 
instructions to read and write the contents of the various control 
registers within the machine. These registers include the multiply 
step register, processor state register, window invalid mask regis- 
ter, and trap base register. 

5. Floating-point/coprocessor instructions. These instructions 
include all floating-point conversion and arithmetic operations as 
well as future coprocessor instructions. These instructions involve 
operations only on the contents of the register file internal to the 
CY7C602 or coprocessor. 

The instruction set of the processor is summarized in Table 1. 

Registers 

The following sections provide an overview of the 7C60 1 registers. 
The CY7C601 has two types of registers; working registers (r reg- 
isters), and control registers. The r registers provide storage for 
processes, and the control registers keep track of and control the 
state of the CY7C601. 
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Figure 1. Register Windows 


r Registers. The r registers ( Figure 1) consist of eight 32-bit global 
registers, and 8 windows, each having twenty-four 32-bit registers. 
Each two adjacent windows are overlapped in eight registers. 
This results in a total of 136 32-bit general purpose registers on 
the chip. 

CY7C601 Control Registers. The CY7C601 control registers 
contain various addresses and pointers used by the system to con- 
trol its internal state. They include the Program Counters (PC 
and nPC), the Processor State Register (PSR), the Window Inval- 
id Mask register (WIM), the Trap Base Register (TBR), and the 
Y register. The following paragraphs briefly describe each: 


Trap Enable (ET) ' 
Previous Supervisor Mode (PS) — 1 
Supervisor Mode (S) — . 

Enable Floating Point Unit (EF) — 1 | 1 

Enable Coprocessor (EC) - ■■ I I I 


Integer Condition Codes 
IU Version 
IU Number 


Implementation^ 
Number 1 


1 




(Impl.) (ver.) (ICC) Reserved 


Processor 

Interrupt 

Level 

(PIL) 


Current 

Window 

Pointer 

(CWP) 
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negativa 

zero 

overflow 

carry 
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(c) 

23 
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20 


Figure 2. Processor State Register 

Processor Status Register (PSR). The processor status register 
contains fields that describe and control the state of the CY7C601. 
IU Implementation and IU Version Numbers (IMPL field, 
PSR < 31:28 >; VER field, PSR <27:24 > ). These are read-only 
fields in the PSR. The version number and the implementation 
number are each set to “0001”. 
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Table 1. Instruction Set Summary 


Inputs 

Operation 

LDSB(LDSBA*) 

Load Signed Byte 

(from Alternate Space) 

LDSH(LDSHA*) 

Load Signed Halfword 

(from Alternate Space) 

LDUB(LDUBA*) 

Load Unsigned Byte 

(from Alternate Space) 

LDUH(LDUHA*) 

Load Unsigned Halfword 

(from Alternate Space) 

LD(LDA*) 

Load Word 

(from Alternate Space) 

LDD(LDDA*) 

Load Doubleword 

(from Alternate Space) 

LDF 

Load Floating Point 


LDDF 

Load Double Floating Point 


LDFSR 

Load Floating Point State Register 


LDC 

Load Coprocessor 


LDDC 

Load Double Coprocessor 


LDCSR 

Load Coprocessor State Register 


STB(STBA*) 

Store Byte 

(into Alternate Space) 

STH(STHA*) 

Store Halfword 

(into Alternate Space) 

ST(STA*) 

Store Word 

(into Alternate Space) 

STD(STDA*) 

Store Doubleword 

(into Alternate Space) 

STF 

Store Floating Point 


STDF 

Store Double Floating Point 


STFSR 

Store Floating Point State Register 


STDFQ* 

Store Double Floating Point Queue 


STC 

Store Coprocessor 


STDC 

Store Double Coprocessor 


STCSR 

Store Coprocessor State Register 


STDCO* 

Store Double Coprocessor Queue 


LDSTUB(LDSTUBA*) 

Atomic Load/Store Unsigned Byte 

(in Alternate Space) 

SWAP(SWAPA*) 

Swap r Register with Memory 

(in Alternate Space) 

m 1 . 1 & iii vmmamm 

Add 

(modify icc) 


Add with Carry 

(modify icc) 

TADDccCIADDccTV) 

Tagged Add and modify icc 

(and Trap on overflow) 

SUB(SUBcc) 

Subtract 


SUBX(SUBXcc) 

Subtract with Carry 


TSUBccTrSUBccTV) 

Tagged Subtract and modify icc 

(and Trap on overflow) 

MULScc 

Multiply Step and modify icc 

AND(ANDcc) 

And 

(and modify icc) 

ANDN(ANDNcc) 

And Not 

(and modify icc) 

OR(ORcc) 

Inclusive Or 

(and modify icc) 

ORN(ORNcc) 

Inclusive Or Not 

(and modify icc) 

XOR(XORcc) 

Exclusive Or 

(and modify icc) 

XNOR(XNORcc) 

Exclusive Nor 

(and modify icc) 

SLL 

Shift Left Logical 


SRL 

Shift Right Logical 


SRA 

Shift Right Arithmetic 


SETHI 

Set High 22 Bits of r Register 

SAVE 

Save Caller’s window 


RESTORE 

Restore Caller’s window 


Bicc 

Branch on Integer Condition Codes 


FBicc 

Branch on Floating Point Condition Codes 

CBccc 

Branch on Coprocessor Condition Codes 

CALL 

Call 

JMPL 

Jump and Link 

RETT 

Return from Trap 

Ticc 

Trap on Integer Condition Codes 
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Table 1. Instruction Set Summary (continued) 


Inputs 

Operation 

Cycles 


RDY 

Read Y Register 

1 


RDPSR 

Read Processor State Register 

1 

£ 

RDWIM 

Read Window Invalid Mask 

1 

'C'Sh 

RDTBR 

Read Trap Base Register 

1 

WRY 

Write Y Register 

1 


WRPSR* 

Write Processor State Register 

1 

3 2 

WRWIM* 

Write Window Invalid Mask 

1 

* a 
© 

WRTBR* 

Write Trap Base Register 

1 

u 

UNIMP 

Unimplemented Instruction 

1 


IFLUSH 

Instruction Cache Flush 

1 

6, Q. 

FPop 

Floating Point Unit Operations 

1 to Launch 

feOo 

CPop 

Coprocessor Operations 

1 to Launch 


* Privileged instruction. ** Assuming delay slot is filled with useful instruction. 


Integer Condition Codes (PSR < 23:20 > ). The integer condition 
codes consist of four flags: negative, zero, overflow, and carry. 
These flags are set by the conditions occurring during integer logic 
and arithmetic operations. 

Enable Coprocessor (EC bit, PSR <13>). This bit is used to en- 
able the coprocessor. If a coprocessor operation (CPop) is en- 
countered and the EC bit is cleared (i.e., coprocessor disabled), 
a coprocessor disabled trap is generated. 

Enable Floating Point Unit (EF bit, PSR <12>). This bit is used 
to enable the floating point unit. If a floating point operation 
(FPop) is encountered and the EF bit is cleared (i.e., FPU dis- 
abled), a floating point disabled trap is generated. 

Processor Interrupt Level (PIL field, PSR < 1 1:8 > ). This four bit 
field sets the CY7C601 interrupt level. The CY7C601 will only 
acknowledge interrupts greater than the level indicated by the 
PIL field. Bit 11 is the MSB; bit 8 is the LSB. 

Supervisor Mode (S bit, PSR<7>). S = 1 indicates that the 
CY7C601 is in supervisor mode. Supervisor mode can only be en- 
tered by a software or hardware trap. 

Previous Supervisor Mode (PS bit, PSR <6>). This bit indicates 
the state of the supervisor bit before the most recent trap. 

Trap Enable (ET bit, PSR < 5 >). This bit enables or disables the 
CY7C611 traps. This bit is automatically set to 0 (traps disabled) 
upon entering a trap. When ET = 0, all asynchronous traps are 
ignored. If a synchronous trap occurs when ET = 0, the 
CY7C601 enters error mode. 

Current Window Pointer (CWP field, PSR < 4:0 > ). The r registers 
are addressed by the Current Window Pointer (CWP), a field of 
the Processor Status Register (PSR), which points to the 24 active 
local registers. It is incremented by a RESTORE instruction and 
decremented by a SAVE instruction. Note that the globals are al- 
ways accessible regardless of the CWP. In the overlapping con- 
figuration each window shares its ins and outs with adjacent win- 
dows. The outs from a previous window (CWP + 1) are the ins of 
the current window, and the outs from the current window are the 
ins for the next window (CWP -1). In both the windowed and reg- 
ister bank configurations globals are equally available and the lo- 
cals are unique to each window. 

Program Counters (PC and nPC). The Program Counter (PC) 
holds the address of the instruction being executed, and the next 
Program Counter (nPC) holds the address of the next instruction 
to be executed. 


Trap Base Register (TBR). The trap base register contains the 
base address of the trap table and a field that provides a pointer 
into the trap table. 

Trap Base Address Trap Type (tt) Reserved 

20 8 4 

31 12 11 4 3 0 

Figure 3. TVap Base Register 


Window Invalid Mask Register (WIM). The window invalid 
mask register determines which windows are valid and which win- 
dow accesses cause window_overflow and window_underflow 
traps. 



31 0 


Figure 4. Window Invalid Mask 

Y register. The Y register is used to hold the partial product dur- 
ing execution of the multiply-step instruction (MULSCC). 

Pin Description 

The integer unit’s external signals fall into three categories: 1) 
memory subsystem interface signals, 2) floating-point unit/ 
coprocessor interface signals, and 3) miscellaneous I/O signals. 
These are described in the following sections. Paragraphs after 
the tables describe each signal. Signals that are active LOW are 
marked with an overcomer; all others are active HIGH. For ex- 
ample, WE is active LOW, while RD is active HIGH. 

Memory Subsystem Interface Signals 

A[31:0], These 32 bits are the addresses of instructions or data 
and they are sent out “unlatched” by the integer unit. Assertion 
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of the MAO signal during a cache miss will force the integer unit 
to put the previous (mi ssed) a dd ress o n the address bus. A[31:0] 
pins are tristated if the AOE or TOE signal is deasserted. 

ASI[7:0]. These 8 bits are the address space identifier for an in- 
struction or data access to the memory. ASI[7:0] are sent out “un- 
latched” by the integer unit. The value on these pins during any 
given cycle is the address space identifier corresponding to the 
memory address on the A[3 1:0] pins at that cycle. Assertion of 
the MAO signal during a cache miss will force the integer unit to 
put the previous address spac e iden ti fier on the ASI[7:0] pins. 
ASI[7:0] pins are tristated if the AOE or TOE signal is deasserted. 
Normally, the encoding of the ASI bits is as shown in Table 2. The 
remaining codes are software generated. 

Table 2. ASI Bit Assignment 


Address Space Identifier (ASI) 

Address Space 

00001000 

User Instruction 

00001010 

User Data 

00001001 

Supervisor Instruction 

00001011 

Supervisor Data 


D[31:0]. D[3 1:0] is the bi-directional data bus to and from the 
integer unit. The data bus is driven by the integer unit during the 
execution of integer store instructions and the store cycle of 
atomic load/store instructions. Similarly, the data bus is driven 
by the floating point unit only during the execution of float- 
ing-point store instructions. The store data is sent out unlatched 
and must be latched externally before it is used. Once latched, 
store data is valid during the second data cycle of a store single 
access, the second and third data cycle of a store double access, 
and the third data cycle of an atomic load store access. The align- 
ment for load and store instructions is done inside the processor. 
A double word is aligned on an 8-byte boundary, a word is aligned 
on a 4-byte boundary, and a half word is aligned on a 2-byte 
boundary. D(31) corresponds to the most significant bit of the 
least significant byte of the 32-bit word. If a double word, word, 
or half word load or store instruction generates an improperly 
aligned address, a memory address not aligned trap will occur. In- 
structions and operands are always expected to be fetched from 
a 32-bit wide memory. 

SIZE[1:0]. These two bits specify the data size associated with 
a data or instruction fetch. Size bits are sent out “unlatched” by 
the integer unit . The value on these pins at any given cycle is the 
data size corresponding to the memory address on the A[31:0] 
pins at that cycle. SIZE[1:0] remains valid on the bus during all 
data cycles of loads, stores, load_doubles, store_doubles and 
atomic load stores. Since all instructions are 32-bits long, 
SIZE[1:0] is set to “10” during all instruction fetch cycles. Encod- 
ing of the SIZE[1:0] bits is shown in Table 3. 


Table 3. Size Bit Assignment 


Size 1 

SizeO 

Data Transfer Type 

0 

0 

Byte 

0 

1 

Halfword 

1 

0 

Word 

1 

1 

Word (Load/Store Double) 


MH OLDA and M H OLPB. The processor pipeline will be frozen 
while MHOLDA or MHOLDB is asserted and the CY7C601 out- 


puts will revert to and maintain t he value they h ad at the ri sing 
edge of t he clock in the c ycle before MHOLDA or MHOLDB was 
asserted. MHOLDA/B is used to freeze the clock to both the inte- 
ger and floating point units during a cache miss (for systems with 
cache) or when a slow memory is accessed. This signal must be 
presented to the processor chip at the beginning of each processor 
clock cycle a nd be stable d uring the hig h time of the processor 
clock. Either MHOLDA or MHOLDB can be used for stopping 
the proces sor during a cache mi ss or mem ory exception. 
MHOLDB has the same definition as MHOLDA. The processor 
hardware uses th e lo gical “OR ” of all hold signals (i.e., MHOL- 
DA, MHOLDB and BHOLD) to generate a final hold signal for 
freezing the processor pipeline. All HOLD signals are latched 
(transparent latch) in the CY7C601 before they are used. 
BHOLD. BHOLD is asserted by the I/O controller when an ex- 
ternal bus master requests the data bus. Assertion of this signal 
will freeze the processor pi peline. Ex ternal logic should guaran- 
tee that after deassertion of BHOLD , the data at all inputs to the 
chip is the same as what it was before BHOLD was asserted. This 
signal must be presented to the processor chip at the beginning 
of each processor clock cycle and be stable during the high time 
of the processor clock since the CY7C601 processes the BHOLD 
input through a transparent latch before it is used. BHOLD 
should b e used only for bus access requests by an external device 
since the MDS and MEX C signals are not recognized while this 
input is active. BHOLD should not be deasserted while LOCK 
is asserted. 

MDS. Assertion of this signal will enable the clock input to the 
on-chip instruction register (during an instruction fetch) or to the 
load r esult register (during a data fetch). In a system with cache, 
MDS is used to signal the processor when the missed data ( cache 
miss) is ready on the bus. In a system with slow memories, MDS 
is used t o signa l the processor when the read data is available on 
the bus. MDS must be asse rted only while t he processor is frozen 
by either the MHOL DA o r MHOLDB input signals. The 
CY7C601 samples the M DS sign al via an on-chip transparent 
latch before it is used. The MDS sign al is als o used for strobing 
memory e xception s. In other w ords, M DS should be asserted 
whenever MEXC is asserted (see MEXC definition). 

MEXC. This signal is asserted by the memory (or cach e) contro l- 
ler to initiate an instruction (or data) exception trap. MEXC is 
latched in the processo r at the rising edge of CLK and is used in 
the following cycle. If MEXC is asserted during an instruction 
fetch cy cle an instruction access exception is generated, and if 
MEXC is asserted during a data fetch cy cle, a data access excep- 
tion trap is generated. The M EXC signal is used during 
(MHOLD) in conjunction with the MDS signal to indicate to the 
CY7C601 that the memo ry system was un able to s upply valid in- 
struction or data. If MDS is applied without MEXC, the CY7C601 
accep ts the contents of the da ta bus as valid information but when 
MDS is applied with MEXC an exception trap is generated and 
the conte nts o f the d ata bus is ignored b y the CY 7C601. (i.e., 
MHOL D and MDS must be low when MEXC is asserted). 
MEXC m ust be deasserted in the same clock cycle in which 
MHOLD is released. 

MAO. This signal is used during a MHOLD by the integer unit 
to select between the current memory access parameters and the 
previous (missed) memory parameters (i.e., the val ue of those pa- 
rameters at the second rising edge of CLK before MHOLD was 
applied). A logic high value at this pin during a cache miss will 
caus e the integer unit to put A[31:0], ASI[7:0], SIZE[1:0], RD, 
WE, WRT, LDSTO, LOCK, and DXFER values corresponding 
to the missed memory address on the bus. Normally, MAO should 
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be kept at a “low” level, selecting the access parameters for the 
current acce ss. M AO should not be used during store cycle misses 
because the WE output would be lost . 

AOE. deassertion of this signal will three-stat e all o utput drivers 
associated with A[31:0] and ASI[7:0] outputs. AOE is connected 
directly to the output drivers of the address and ASI signals and 
must be asserted during normal operations. This signal should 
be deasserted on ly when the bus is gran te d to another bus master 
(i.e., when either BHOLD, MHOLDA or MHOLDB is asserted). 

DOE. deassertion of this signal will three-state all output drivers 
of the data D[31:0] bus. DOE is connected directly to the data 
bus output drivers and must be asserted during normal opera- 
tions. This signal should be deasserted only when the bus is 
granted to a nother bus master (i.e., when either BHOLD, 
MHOLDA or MHOLDB is asserted). 

COE. deassertion of this signal will three-state all output drivers 
associated with S IZE[1 :0], RD, WE, WRT, LOCK, LDSTO and 
DXFER outputs. COE is connected directly to the output drivers 
and must be asserted during normal operations. This signal 
should be deasserted onl y when the bus is grante d t o another b us 
master (i.e., when either BHOLD, MHOLDA, or MHOLDB is 
asserted). 

RD. This signal specifies whether the current memory access is 
a read or write operation. It is sent out “unlatched” by the integer 
unit and must be latched externally before it is used. RD is set 
to “0” only during data cycles of store instructions including the 
store cycles of atomic load store instructions. This signal when 
used in conjunction with SIZE[1:0], ASI[7:0], and LDSTO, can 
be used to check access rights of bus transactions. In addition, the 
RD signal may be used to turn off the output drivers of data 
RAMs during a store operation. For atomic load store instruc- 
tions the RD signal is “1” during the first data cycle (read cycle) 
and “0” during the second and third data cycles (write cycle); 

WE. This signal is asserted by the integer unit during the second 
data cycle of store single instructions, the second and third data 
cycles of store double instructions, and the third data cycle of 
atomic load/store instructions. The WE signal is sent out “un- 
latched” and must be latched externally before it is used. The WE 
signal m ay be externa lly qualified by HOLD signals (i.e., MHOLr 
DA and MHOLDB) to avoid writing into the memory during 
memory exceptions. 

WRT. This signal is asserted (set to “1”) by the processor during 
the first data cycle of single or double integer store instructions, 
the first data cycle of single or double floating-point store instruc- 
tions, and the second data cycle of atomic load/store instructions. 
WRT is sent out “unlatched” and must be latched externally be- 
fore it is used. 

LDSTO. This signal is asserted by the integer unit during the data 
cycles of atomic load store operations. LDSTO is sent out “un- 
latched” by the integer unit and must be latched externally before 
it is used. 

LOCK. This signal is set to “ 1” when the processor needs the bus 
for multiple cycle transactions such as atomic load/store, double 
loads and double stores. LOCK signal is sent “unlatched” and 
should be latched externally before it is used. The bus may not 
be granted to anothe r bus master as long as LOCK signal is as- 
serted (i.e., BHOLD should not be asserted in the following proc- 
essor clock cycle when LOCK= 1). 

DXFER. This signal is asserted by the processor at the beginning 
of all bus data transfer cycles. DXFER is “unlatched” and 
DXFER = 1 indicates a data cycle. 


INULL. Assertion of INULL indicates that the current memory 
access (whose address is held in an external latch) is to be nullified 
by the processor. INULL is intended to be used to disable cache 
misses (in systems with cache) and to disable memo ry e xception 
generation for the current memory access (i.e., MDS and MEXC 
should not be asserted for a memory access when INULL = 1). IN- 
ULL is a latched output and is active during the same cycle as the 
address which it nullifies. INULL is asserted under the following 
conditions: During the second cycle of a store instruction, or 
whenever the CY7C601 address is invalid due to an external or 
internal exception. If a floating-point unit or coprocessor unit is 
present in the system, INULL should be ORed with the FNULL 
and CNULL signals from these units. 

IFT. The state of thi s pin determines the behavior of the 
IFLUSH instruction. If IFT = 1, t hen IFLUSH executes like a 
NOP with no side effects. If IFT = 0, then IFLUSH causes an 
unimplemented instruction trap. 

Floating-Point/Coprocessor Interface Signals 

FP. This signal indicates whether or not a floating-point unit ex- 
ists in the system. The FP signal is normally pulled up to VDD 
by a resistor. It is grounded when the FPU chip is present. The 
integer unit generates a floating-point disable trap if FP = 1 dur- 
ing the execution of a floating-point instruction, FBfcc instruction 
or floating-point load, and store instructions. 

CP. This signal jndicates whether or not a coprocessor exists in 
the system. The CP signal is normally pulled up to VDD by a re- 
sistor. It is grounded when the coprocessor chip is present. The 
integer unit generates a coprocessor disable trap if CP = 1 during 
the execution of a coprocessor instruction, CBccc instruction or 
coprocessor load and store instructions. 

FCC[1:0]. These bits are taken as the current condition code bits 
of the FPU. They are considered valid if FCCV = 1. During the 
execution of the FBfcc instruction, the processor uses these bits 
to determine whether the branch should be taken or not. 
FCC[1:0] are latched by the processor before they are used. 

CCC[1:0]. These bits are taken as the current condition code bits 
of the coprocessor. They are considered valid if CCCV = 1. Dur- 
ing the execution of the CBccc instruction, the processor uses 
these bits to determine whether the branch should be taken or 
not. CCC[1:0] are latched by the processor before they are used. 

FCCV. This signal should be asserted only when the FCC[1:0] 
bits are valid. The floating-point unit deasserts FCCV if pending 
floating-point compare instructions exist in the floating-point 
queue. FCCV is reasserted when the compare instruction is com- 
pleted and the floating-point condition codes FCC[1:0] are valid. 
The integer unit will enter a wait state if FCCV is deasserted (i.e., 
FCCV = “0”). The FCCV signal is latched (transparent latch) in 
the CY7C601 before it is used. 

CCCV. This signal should be asserted only when the CCC[1:0] 
bits are valid. The coprocessor deasserts CCCV if pending 
coprocessor compare instructions exist in the coprocessor queue. 
CCCV is reasserted when the compare instruction is completed 
and the coprocessor condition codes CCC[1:0] are valid. The in- 
teger unit will enter a wait state if CCCV is deasserted (i.e., CCCV 
= “0”). The CCCV signal is latched (transparent latch) in the 
CY7C601 before it is used. 

FHOLD. This signal is asserted by the floating-point unit if a situ- 
ation arises in which the FPU cannot continue execution. The 
floating-point unit checks all depend encies in the decode stage of 
the instruction and asserts FHOLD (if necessary) in the next cy- 
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cle. This signal is used by the integer unit to freeze the instruction 
pipeline in the same cycle. The FPU must eventually deassert 
FHOLD in order to unfreeze the integer unit’s pipeline. The 
FHOLD signal is latched (transparent latch) in the CY7C601 be- 
fore it is used. 

CHOLD. This signal is asserted by the coprocessor if a situation 
arises in which the coprocessor cannot continue execution. The 
coprocessor checks all depend encies in the decode stage of the in- 
struction and asserts CHOLD (if necessary) in the next cycle. This 
signal is used by the integer unit to freeze the instruction pipeline 
in the sa me cycle. The coprocessor must eventually deassert 
CHOLD in order to unfreeze the integer unit’s pipeline. The 
CHOLD signal is latched (transparent latch) in the CY7C601 be- 
fore it is used. 

FEXC. Assertion of this sign al indicates that a floating-point ex- 
ception has occurred. FEXC must remain asserted until the inte- 
ger unit takes the trap and acknowledges the FPU via FXACK sig- 
nal. Floating-point exceptions are taken only during the 
execution of floating-point instructions, FBfcc instruction and 
floating-point load, and store instructions. FEXC is latc hed in the 
integer unit before it is used. The FPU s hould deassert FHOLD 
if it de tects an exception while FHOLD is asserted . In this case 
FEXC should be asserted a cycle before FHOLD is deasserted. 
CEXC. Assertion of this signal indicates that a coprocessor ex- 
ception has occurred. This signal must remain asserted until the 
integer unit takes the trap and acknowledges the coprocessor via 
CXACK signal. Coprocessor exceptions are taken only during the 
execution of coprocessor instructions, CBccc instruction and 
coprocessor load and store instructions. CEXC is latched in the 
integer u nit before it is used. The cop rocessor s hould deassert 
CHOL D if it de tects an exception while CHO LD is asser ted. In 
this case CEXC should be asserted a cycle before CHOLD is deas- 
serted. 

INST. This signal is asserted by the integer unit whenever a new 
instruction is being fetched. It is used by the FPU or coprocessor 
to latch the instruction on the D[31:0] bus into the FPU or copro- 
cessor instruction buffer. The FPU (or coprocessor) needs two in- 
struction buffers (D1 and D2) to save the last two fetched instruc- 
tions. When INST is asserted a new instruction enters into the 
D1 buffer and the old instruction in D1 enters into the D2 buffer. 

FLUSH. This signal is asserted by the integer unit and is used 
by the FPU or coprocessor to flush the instructions in its instruc- 
tion registers. This may happen when a trap is taken by the inte- 
ger unit. Instructions that have entered into the floating-point (or 
coprocessor) queue may continue their execution if FLUSH is 
raised as a result of a trap or exception other than floating-point 
(or coprocessor) exceptions. 

FINS1. This signal is asserted by the integer unit during the de- 
code stage of an FPU instruction if the instruction is in the D1 
buffer of the FPU chip. The FPU uses this signal to latch the in- 
struction in D1 buffer into its Execute stage instruction register. 

FINS2. This signal is asserted by the integer unit during the de- 
code stage of an FPU instruction if the instruction is in the D2 
buffer of the FPU chip. The FPU uses this signal to latch the in- 
struction in D2 buffer into its execute stage instruction register. 

CINS1. This signal is asserted by the integer unit during the de- 
code stage of a coprocessor instruction if the instruction is in the 
D1 buffer of the coprocessor chip. The coprocessor uses this sig- 


nal to latch the instruction in D1 buffer into its execute stage in- 
struction register. 

CINS2. This signal is asserted by the integer unit during the de- 
code stage of a coprocessor instruction if the instruction is in the 
D2 buffer of the coprocessor chip. The coprocessor uses this sig- 
nal to latch the instruction in D2 buffer into its execute stage in- 
struction register. 

FXACK. This signal is asserted by the in teger un it in order to 
acknowledge to the FP U that the current FEXC trap is taken. 
The FPU must deassert FEXC after it receives an asserted level 
of FXACK signal so that the next floating-point instruction does 
not cause a “repeated” floating-point exception trap. 

CXACK. This signal is asserted by the integer u nit in o rder to 
acknowledge to the coprocessor that the curr ent CEXC trap is 
taken. The coprocessor must deassert CEXC after it receives an 
asserted level of CXACK signal so that the next coprocessor in- 
struction does not cause a “repeated” coprocessor exception trap. 

Miscellaneous I/O Signals 

IRL[3:0], The data on these pins defines the external interrupt 
level. IRL[3:0] = 0000 indicates that no external interrupts are 
pending. The integer unit uses two on-chip synchronizing latches 
to sample these signals on the rising edge of CLK. A given inter- 
rupt level must remain valid for at least two consecutive cycles to 
be recognized by the integer unit. IRL[3:0] = 1111 signifies an 
non-maskable interrupt. All other interrupt levels are maskable 
by the PIL field of the Processor State Register (PSR). External 
interrupts should be latched and prioritized by the external logic 
before they are passed to the integer unit. The external interrupt 
latches should keep the interrupts pending until they are taken 
(and acknowledged) by the integer unit. External interrupts can 
be acknowledged by software or by the Interrupt Acknowledge 
(INTACK) output. 

INTACK. This signal is asserted by the integer unit when an ex- 
ternal interrupt is taken. 

RES ET. Assertion of this pin will reset the integer unit. The RE- 
SET signal must be asserted for a minimum of eight processor 
clock cycles. A fter a res et, the integer unit will start fetching from 
address 0. The RESET signal is latched by the integer unit before 
it is used. 

ERROR. This signal is asserted by the integer unit when a trap 
is encountered while traps are disabled via the ET bit in the PSR. 
In this situation the integer unit saves the PC and nPC registers, 
sets the tt value in the TBR, enters into an error state, asserts the 
ERROR signal and then halts. The only way to restart the proc- 
ess or trappe d in the error state, is to trigger a reset by asserting 
the RESET signal. 

TOE. This signal is used to force all output drivers of the proces- 
sor chip into a high-impedance state. It is used to isolate the chip 
from the rest of the system for debugging purposes. 

FPSYN. This pin is a mode pin which is used to allow execution 
of additional instructions in future designs. It should be normally 
kept deasserted (FPSYN = 0) to disable the execution of these in- 
structions. 

CLK. CLK is a 50% duty-cycle clock used for clocking the 
CY7C601’s pipeline registers. It is HIGH during the first half of 
the processor cycle, and LOW during the second half. The rising 
edge of CLK defines the beginning of each pipeline stage in the 
CY7C601 chip. 
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Features 

• Direct interface to CY7C601 integer 
unit 

• Direct interface to CY7C157 cache 
RAM 

• Full compliance with ANSI/IEEE-754 
standard for binary floating-point 
arithmetic 

• Supports single and double precision 
floating-point operations 

• 6.15 MFLOPs peak double- 
precision performance at 40 MHz 

• SPARC-compatible interface allows 
concurrent execution of integer and 
floating-point instructions 


• Hardware interlocks synchronize in- 
teger unit and floating-point unit op- 
erations 

• 64-bit multiplier and divide/square 
root unit 

• 64-bit ALU 

• 16 64-bit registers or 32 32-bit regis- 
ters in a three-port floating-point reg- 
ister file with an independent load/ 
store port 

• 144-pin PGA package 

• Available in speeds of 25, 33, and 40 
MHz 


Description 

The CY7C602 is a high-speed SPARC®- 
compatible floating-point unit for use with 
the CY7C601 integer unit. TheCY7C602 
floating-point unit allows floating-point 
instructions to execute concurrently with 
CY7C601 integer unit instructions. The 
CY7C602 interfaces directly to the 
CY7C601 integer unit without glue logic. 
The CY7C602 provides a peak 6.15 
MFLOPS of double-precision perform- 
ance at 40 MHz. 




7C602-40 

7C602-33 

7C602-25 

Maximum Supply Current (mA) 

Commercial 

450 

400 

350 


SPARC is a registered trademark of Sun Microsystems, Inc. 
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Figure 1. CY7C601 - CY7C602 Hardware Interface 


Functional Description 

The CY7C602 floating-point unit is a high-performance, single- 
chip implementation of the SPARC reference floating-point unit. 
The CY7C602 FPU directly interfaces with the CY7C601 integer 
unit, providing concurrent floating-point and integer instruction 
execution. The Cypress 7C600 chip-set, comprised of the 
CY7C601 integer unit, CY7C602 floating-point unit, CY7C604 
cache controller and memory management unit, and two 
CY7C157 cache RAMs, constitutes a high-performance CPU re- 
quiring no interface logic. The Cypress 7C600 chip-set is available 
in speeds up to 40 MHz, providing a sustained 29 MIPS of integer 
unit performance and over 6 M FIX) PS of double-precision floa- 
ting-point performance. 

The CY7C602 supports single and double precision floating-point 
operation. Double precision floating-point is efficiently executed 
in the CY7C602 using a 64-bit internal datapath. The floating- 
point datapath circuitry contains a 64-bit multiplier, a 64-bit ALU, 
and a 64-bit divide/square-root unit. The CY7C602 provides thir- 
ty-two 32-bit floating-point registers, which can be concatenated 
for use as 64-bit registers. The CY7C602 complies with the ANSI/ 
IEEE-754 floating-point standard. 

The CY7C602 supports the execution of SPARC floating-point in- 
structions. These instructions are separated into two groups: floa- 
ting-point load/store and floating-point operate instructions 
(FPops). Floating-point load/store instructions are used to trans- 
fer data to and from the data registers (f registers). FP load/store 
instructions also allow the CY7C601 integer unit to read and write 
the floating-point status register (FSR) and to read the front entry 
of the floating-point queue. Floating-point operate instructions 
(FPops) include basic numeric operations (add, subtract, multiply, 
and divide), conversions between data types, register to register 
moves, and floating-point number comparison. FPops operate 
only on data in the floating-point registers. Floating-point branch 
instructions are executed by the IU on the basis of FP condition 
codes, and are not executed by the FPU. 


The SPARC floating-point/integer unit interface provides con- 
current execution of integer and floating-point instructions. The 
CY7C601 integer unit fetches all instructions for both itself and 
the CY7C602 FPU, providing all addressing and control signals. 

The CY7C602 floating-point unit latches all integer and floating- 
point instructions in parallel with the CY7C601. When the ||jfl 

CY7C601 decodes a floating-point instruction, it signals the BBI 

CY7C602 with the FINS1 or FTNS2 signal. This starts the execu- 
tion of the floating-point instruction by the CY7C602. 

CY7C602 Registers 

The CY7C602 has three types of user-accessible registers: the f 
registers, the FP queue, and the floating-point status register 
(FSR). The f registers are the CY7C602 data registers. The FSR 
is the CY7C602 status and operating mode register. The FP 
queue contains the CY7C602 instructions that have started execu- 
tion and are awaiting completion. The following section describes 
these registers in detail. 

f Registers 

The CY7C602 provides 32 registers for floating-point operations, 
referred to as f registers. These registers are 32 bits in length, 
which can be concatenated to support 64-bit double words. 

Integer and single precision data requires a single 32-bit f register. 

Double precision data requires 64 bits of storage and occupies an 
even-odd pair of adjacent f registers. Extended precision data re- 
quires 128 bits of storage and occupies a group of four consecutive 
f registers, always starting with register ft), f4, f8, fl2, f20, f24, or 
f28. 

The CY7C602 forces register addressing to match the data type 
specified by the floating-point instruction. This ensures data 
alignment in the f register file for double and extended precision 
data. Figure 2 illustrates how the CY7C602 uses the five register 
address bits in a floating-point instruction for the different types 
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of data. Single data word transfers (integer, single-precision floa- 
ting-point) can be stored in any register. Consequently, all five 
bits of the register address specified in the floating-point instruc- 
tion are valid. Double precision data must reside in an even-odd 
pair of adjacent registers. By ignoring the LSB of the register ad- 
dress for a FPop requiring a register pair, the CY7C602 ensures 
data alignment. In a similar manner, the two LSBs of the register 
address are ignored in a SPARC FPU that supports extended pre- 
cision data. 


single precision 
and integer data 


double precision data 


extended 
precision data 


rd, rsl , 


or rs2 field 
of FP instruction 


all five bits of 
register address 
are used 


LSB is ignored 


2 LSB’s are 
ignored 


Figure 2. f Register Addressing 


FP Queue 

The CY7C602 maintains a floating-point queue of instructions 
that have started execution, but have yet to complete execution. 
The FP queue is used to accommodate the multiple clock nature 
of floating-point instructions. It also allows the CY7C602 to opti- 
mize execution through the use of data forwarding. Data forward- 
ing allows FPop results to be used by a subsequent FPop before 
the results have been stored in its destination register. This saves 
one clock of execution time for each instruction that uses this fea- 
ture. 

The other purpose of the FP queue is to support the handling of 
FP exceptions. When the CY7C602 encounters an exception 
case, it enters pending exception mode and waits for the next FP 
instruction to be executed. When the CY7C601 decodes a FP in- 
struction following the exception, it asserts the FINS1 or FINS2 
signal. The CY7C602 then enters exception mode and asserts 
FEXC to signal a floating-point exception. When the CY7C602 
enters the exception mode, floating-point execution halts until the 
FP queue is emptied. This allows the CY7C601 to store the floa- 
ting-point instructions under execution when the exception case 
occurred. Emptying the FP queue frees the CY7C602 for use by 
the trap handler without losing the pre-exception state of the 
CY7C602. After the trap handler finishes execution, the 
CY7C601 re-fetches the FPop instructions previously stored in 
the FP queue, thus bringing the CY7C602 back to its previous 
state. 

The FP queue contains the 32-bit address and 32-bit FPop instruc- 
tion of up to three instructions under execution. Only FPop in- 
structions are queued. The top entry of the FP queue is accessible 
by executing the store double floating-point queue (STDFQ) in- 
struction. A load FP queue instruction does not exist, as the FP 
queue must be re-initialized by launching the queued instructions. 

Floating-Point Status Register (FSR) 

The following paragraphs describe the bit fields of the Floating- 
Point Status Register (FSR). Figure 3 illustrates the bit assign- 


ments for the FSR. Refer to Table 1 (following page) for bit as- 
signments for the FSR fields. 

RD FSR(31:30). Rounding Direction: These two bits define the 
rounding direction used by the CY7C602 during an FP arithmetic 
operation. 

RP FSR(29:28). Rounding Precision: These two bits define the 
rounding precision to which extended results are rounded. This 
is in accordance with the ANSI/IEEE STD-745- 1985. 

TEM FSR(27:23). Trap Enable Mask: These five bits enable 
traps caused by FPops. These bits are ANDed (1 = enable, 0 = 
disable) with the bits of the CEXC (current exception field) to de- 
termine which traps will force a floating-point exception to the 
CY7C601. All trap enable fields correspond to the similarly 
named bit in the CEXC field (see below). The T EM fiel d only 
affects which bits in the CEXC field will cause the FEXC signal 
to be asserted. ALL trap types, regardless of the state of the TEM 
field, are reported in the AEXC and CEXC fields. 

NS FSR(22). Non-Standard Floating Point: This bit enables 
non-standard floating-point operations in the CY7C602. 

version FSR(19:17). The version number is used to identify the 
SPARC floating-point processor type. This field is set to Oil (3H) 
for the CY7C602, and is read-only. 

FTT FSR(16:14). Floating-point Trap Type: This field identifies 
the floating-point trap type of the current FP exception. This field 
can be read and written, and must be cleared by software. 

QNE FSR(13). Queue Not Empty: This bit signals whether the 
FP queue is empty. (0 = empty, 1 = not empty) 

FCC FSR( 11:10). Floating-point Condition Codes: These two 
bits report the FP condition codes (see Table 1 below). 

AEXC FSR(9:5). Accumulated EXCeptions: This field reports 
the accumulated FP exceptions. All exception cases, masked or 
unmasked, are ORed with the contents of the AEXC and accu- 
mulated as status. All accumulated fields have the same definition 
as the corresponding field for CEXC (see below). This field can 
be read and written, and must be cleared by software (see Table 1 
below). 

CEXC FSR(4:0). Current EXCeptions: This field reports the cur- 
rent FP exceptions. This field is automatically cleared upon the 
execution of the next floating-point instruction. CEXC status is 
not lost upon assertion of a floating-point exception, since instruc- 
tions following a valid exception are not executed by the 
CY7C602. The following defines the five CEXC bits: 

nvc = 1 indicates invalid operation exception. This is defined 
as an operation using an improper operand value. An example 
of this is 0/0, oo, or -oo. 

ofc = 1 indicates overflow exception. The rounded result 
would be larger in magnitude than the largest normalized number 
in the specified format. 

ufc = 1 indicates underflow exception. The rounded result is 
inexact, and would be smaller in magnitude than the smallest nor- 
malized number in the indicated format. 

dzc = 1 indicates division-by-zero, X/0, where X is subnormal 
or normalized. Note that 0/0 does not set the dzc bit. 
nxc - 1 indicates inexact exception. The rounded result dif- 
fers from the infinitely precise correct result. 

R FSR21, 20, and 12. Reserved - always set to 0. 
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Figure 3. Floating-Point Status Register 


Table 1. Floating-Point Status Register Summary 





— 

Loadable by 

Field 

Values 

FSR bits 

Description 

LDFSR 

RD 

0 - Round to nearest (tie-even) 

1 - Round to 0 

2 - Round to + oo 

3 - Round to - oo 

31:30 

Rounding Direction 

yes 



RP 

0 - Extended precision 

1 - Single precision 

2 - Double precision 

3 - Reserved 

29:28 

Extended Rounding Precision 

yes 

TEM 

0 - Disable trap 

1 - Enable trap 

27:23 

Trap Enable Mask 

yes 


NVM 

27 

invalid operation trap mask 



OEM 

26 

overflow trap mask 



UFM 

25 

underflow trap mask 



DZM 

24 

divide by zero trap mask 



NXM 

23 

inexact trap mask 


NS 

0 - Disable 

1 - Enable 

22 

Non-standard Floating-point 

yes 

version 

0-7 

19:17 

FPU version number 

no 

FIT 

0 - None 

16:14 

Floating-point trap type 

no 


1 - IEEE Exception 

2 - Unfinished FPop 

3 - Unimplemented FPop 





4 - Sequence Error 

5-7 Reserved 




QNE 

0 - queue empty 

13 

Queue Not Empty 

no 

FCC 

0- = 

1- < 

2- > 

3 - Unordered 

11:10 

Floating-point Condition Codes 

yes 

AEXC 


9:5 

Accrued Exception Bits 

yes 


NVA 

9 

accrued invalid exception 


OFA 

8 

accrued overflow exception 



UFA 

7 

accrued underflow exception 



DXA 

6 

accrued divide by zero exception 



NXA 

5 

accrued inexact exception 


CEXC 


■ 

Current Exception Bits 

yes 


NVC 


current invalid exception 


OFC 


current overflow exception 



UFC 


current underflow exception 



DZC 

9 1 

current divide by zero exception 



NXC 

0 

current inexact exception 


r 

Always set to 0 

21, 20, 12 

reserved bits 

no 
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CY7C602 Pin Definitions 

Integer Unit Interface Signals: 

FP active-low output. Floating-point Present: This signal indi- 
cates to the CY7C601 that a FPU is present in the system. In the 
absence of a FPU, this signal is pulled up to VCC by a resistor. 
This is a static signal; it always asserts a low output. The CY7C60 1 
generates a floating-point disable trap if FP is not asserted during 
the execution of a floating-point instruction. 

FCC(I:0) output. Floating-point Condition Codes: The 
FCC(l:0)bits indicate the current condition code of the FPU, and 
are valid only if FCCV is asserted. FBfcc instructions use the val- 
ue of these bits during the execute cycle if they are valid. If the 
FCC bits are not valid, then FCCV is released, which halts the 
CY7C601 until the FCC bits become valid. 


FCC1 

FCCO 

Condition 

0 

0 

equal 

0 

1 

Opl < Op2 

1 

0 

Opl > Op2 

1 

1 

Unordered 


Table 2. FCC(1:0) Condition Codes 

FCCV output. Floating-point Condition Codes Valid: The 
CY7C602 asserts the FCCV signal when the FCC represent a val- 
id condition. The FCCV signal is deasserted when a pending floa- 
ting-point compare instruction exists in the floating-point queue. 
FCCV is reasserted when the compare instruction is completed 
and FCC bits are valid. 

FHOLD output. Floating-point HOLD: The FHOLD signal is 
asserted by the CY7C602 if it cannot continue execution due to 
a resource or operand dependency. The CY7C602 checks for all 
dependen cies in the decode st age, and if necessary, asserts 
FHOLD in the next cycle. The FHOLD signal is used by the 
CY7C601 to freeze its pi peline in t he same cycle. The CY7C602 
must eventually deassert FHOLD to release the CY7C601 pipe- 
line. 

FEXC output. Floating-point Exception: The FEXC is asserted 
if a floating-point exception has occurred. It remains asserted un- 
til the CY7C601 acknowledges that it has taken a trap by asserting 
FXACK. Floating-point exceptions are taken only during the ex- 
ecution of a floating-point instruction. The CY7C602 releases 
FEXC when it receives FXACK. 

FXACK input. Floating-point exception ACKnowledge: The 
FXACK signal is asserted by the CY7C601 to acknowledge to the 
CY7C602 that the current FP trap is taken. 

INST input. INSTruction fetch: The INST signal is asserted by 
the CY7C601 whenever a new instruction is being fetched. It is 
used by the CY7C602 to latch the instruction on the D(31:0) bus 
into the FPU instruction buffer. The CY7C602 has two instruc- 
tion buffers (D1 and D2) to save the last two fetched instructions. 
When INST is asserted, the new instruction enters the D1 buffer 
and the old instruction in D1 enters the D2 buffer. 

FINS1 input. Floating-point Destruction in buffer 1: The FINS 1 
signal is asserted by the CY7C601 during the decode stage of a 
FPU instruction if the instruction is stored in the D1 buffer of the 
CY7C602. The CY7C602 uses this signal to launch the instruc- 
tion in the D1 buffer into its execute stage instruction register. 


FINS2 input. Floating-point INStruction in buffer 2: The FINS2 
signal is asserted by the CY7C601 during the decode stage of a 
FPU instruction if the instruction is stored in the D2 buffer of the 
CY7C602. The CY7C602 uses this signal to launch the instruc- 
tion in the D2 buffer into its execute stage instruction register. 
FLUSH input. Floating-point instruction fLUSH: The FLUSH 
signal is asserted by the CY7C601 to signal to the CY7C602 to 
flush the instructions in its instruction registers. This may happen 
when a trap is taken by the CY7C601. The CY7C601 will restart 
the flushed instructions after returning from the trap. FLUSH 
has no effect on instructions in the floating-point queue. In addi- 
tion to freezing the FPU pipeline, the CY7C602 uses FLUSH to 
shut off D bus drivers during store. To ensure correct operation 
of the CY7C602, FLUSH must not change state more than once 
during a clock cycle. 

Coprocessor Interface Signals: 

CHOLD input. Coprocessor HOLD: The CHOLD signal is as- 
serted by the coprocessor if it cannot continue execution. The co- 
processor must check all dependen cies in the decode stage of the 
instruction and assert the CHOLD signal, if necessary, in the next 
cycle. The coprocessor must eventually deassert thi s signal to un- 
freeze the CY7C601 and CY7C602 pipelines. The CHOLD sig- 
nal is latched with a transparent latch in the CY7C602 before it 
is used. 

CCCV input. Coprocessor Condition Codes Valid: The copro- 
cessor asserts the CCCV signal when the CCC(1:0) represent a 
valid condition. The CCCV signal is deasserted when a pending 
floating-point compare instruction exists in the coprocessor 
queue. CCCV is reasserted when the compare instruction is com- 
pleted and CCC bits are valid. The CY7C602 will enter a wait 
state if CCCV is deasserted. The CCCV signal is latched with a 
transparent latch in the CY7C602 before it is used. 

System/Memory Interface Signals: 

A(31:0) input. Address bus (31:0): The address bus for the 
CY7C602 is an input-only bus. The CY7C601 supplies all ad- 
dresses for instruction and data fetches for the CY7C602. The 
CY7C602 captures addresses of floating-point instructions from 
the A(31:0) bus into the DDA register. When INST is asserted 
by the CY7C601, the contents of the DDA is transferred to the 
DAI register. 

D(31:0) input/output. Data bus (31:0): The D(31:0) bus is driven 
by the FPU only during the execution of floating-point store in- 
structions. The store data is sent out unlatched and must be 
latched externally before it is used. Once latched, store data is val- 
id during the second data cycle of a store single access and on the 
second and third data cycle of a store double access. The data 
alignment for load and store instructions is done inside the FPU. 
A double word is aligned on an eight-byte boundary. A single 
word is aligned on a four-byte boundary. 

DOE input. Data Output Enable: The DOE signal is connected 
directly to the data output drivers and must be asserted during 
normal operation, deassertion of this signal tri-states all output 
drivers on the data bus. This signal should be deasserted only 
when the bus is grant ed to another b us master, i.e, when either 
BHOLD, MHOLDA, or MHOLDB is asserted. 

MHOLDA, MHOLDB in put. Memory HOLD: Asserting 
MHOLDA or MHOLDB freezes the CY7C602 pipeline. Either 
MHOLDA or MHOLDB is used to freeze the FPU (and the IU) 
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pipelines during a cache miss (for systems with cache) or when 
slow memory is accessed. 

BHOLD input. Bus HOLD: This signal is asserted by the sys- 
tem’s I/O controller when an external bus master requests the 
data bus. Assertion of this signal will freeze the FPU pipeline. 
External logic should guarantee that after deassertion of 
BHOLD , the state of all inputs to the chip is the same as before 
BHOLD was asserted. 

MDS input. Memory Data Strobe: The MDS signal is used to 
load data into t he FPU when the intern al FPU pipeli ne is frozen 
by assertion of MHOLDA, MHOLDB, or BHOLD. 

FNULL output. Fpu NULLify cycle: This signal signals to the 
memory system when the CY7C602 is holding the instructi on 
pipeline of the system. This hold would occur when FHOLD or 


FCCV is asserted. This signal is used by the memory system in 
the same fashion as the integer unit’s INULL signal. The system 
needs this signal because the IU’s INULL does not take into ac- 
count holds requested by the FPU. 

RESET input. RESET: Asserting the RESET signal resets the 
pipeline and sets the writa ble Fields of the floating-point status 
register (FSR) to zero. The RESET signal must remain asserted 
for a minimum of eight cycles. After a reset, the IU will start 
fetching from address 0. 

CLK input. CLocK: The CLK signal is used for clocking the 
FPU’s pipeline registers. It is high during the first half of the pro- 
cessor cycle and low during the second half. The rising edge of 
CLK defines the beginning of each pipeline stage in the FPU. 
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Cache Controller and 
Memory Management Unit 


Features 

• Fully conforms to the SPARC® Ref- 
erence Memory Management Unit 
(MMU) Architecture 

• Support for virtual memory 

• Supports context switching 

— 4096 contexts for TLB entries 

— 4096 contexts for cache tag 

• On-chip IVanslation Lookaside 
Buffer (TLB) 

— 64 fully associative entries 
— Multi-level TLB flush 

— TLB probe support 
— Lockable entries 
— Random TLB replacement 
— Supports multi-level address map- 
ping (4-kbyte, 256-kbyte, 
16-Mbyte, and 4-Gbyte). 

• Page-level memory access protection 
— Read/Write/Execute 

— User/supervisor modes 


• Hardware table walk 

• Large address space support 

— 32-bit virtual address 

— 36-bit physical address 

• 2048 cache tag entries 

• 32-byte cache line size 

• Address and data latches for virtual 
bus 

• Lockable cache 

• Write-through and copy-back cache 
polices 

• 32-byte read line buffer 

• 32-byte copy-back write line buffer 

• 32-byte write-through buffer 

• Conforms to SPARC Reference Mbus 
Level 1 specification 

• Aliasing detection 

• Byte write generation 

• 0.8-micron CMOS technology 

• 2.2 watts typical power dissipation at 
33 MHz 


Description 

The CY7C604 consists of a cache control- 
ler with on-chip cache tag and a memory 
management unit. It is a high-speed 
CMOS implementation of the SPARC ref- 
erence memory management architec- 
ture, combined with a cache tag and cache 
memory controller. The CY7C604 directly 
connects to the CY7C601 integer unit mi- 
croprocessor and CY7C157 cache data 
RAM without any external circuitry. 

When combined with two CY7C157 
16-kbyte by 16 cache RAMs, the CY7C604 
forms a complete, no wait-state, 64-kbyte 
direct mapped virtual cache. The cache 
size can be scaled up to 256-kbyte and the 
number of TLB entries increased to 256 
with the use of additional CY7C604s and 
CY7C157s. 


Logic Block Diagram 
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Functional Description 

The CY7C604 (CMU) is a combined Memory Management Unit 
(MMU) and cache controller with on-chip cache tag memory. 
The CY7C604 is designed as part of a system solution for 
high-performance computing using the Cypress SPARC chip set. 
This chip set consists of the CY7C601 integer unit, the CY7C602 
floating-point unit, the CY7C604 CMU, and two CY7C157 cache 
RAMs. The Cypress SPARC chip set comprises a five chip, 
high-performance CPU requiring no additional glue logic. As 
part of this chip set, the CY7C604 provides support for large ad- 
dressing spaces with virtual to physical address translation. In ad- 
dition to an MMU, the CY7C604 provides 2048 cache tag entries 
and logic to control a 64-kbyte virtual cache. The CY7C604 is a 
high-performance, high-ingetration solution to virtual memory 
and cache support for the CY7C600 family. 

The CY7C604 is designed to be used in conjunction with the 
CY7C157 cache RAM. Two 16-kbyte x 16-bit CY7C157s and one 
CY7C604 constitute a 64-kbyte cache. The combination of a 
CY7C604 and two CY7C157s may be cascaded to provide up to 
256 kbytes of cache. 

The MMU portion of the CY7C604 provides translation from a 
32-bit virtual address range (4 gigabytes) to a 36-bit physical ad- 
dress (64 gigabytes), as provided in the SPARC reference MMU 
specification. Virtual address translation is further extended with 
the use of a context register, which is used to identify up to 4096 
contexts or tasks. The cache tag entries and TLB entries contain 
context numbers to identify tasks or processes. This minimizes 
unnecessary cache tag and TLB entry replacement during task 
switching. 

The MMU features a 64-entry Translation Lookaside Buffer 
(TLB). The TLB acts as a cache for address mapping entries used 
by the MMU to map a virtual address to a physical address. These 
mapping entries, referred to as page table entries or PTEs, allow 
one of four levels of address mapping. A PTE can be defined as 
the address mapping for a single 4-kbyte page, a 256-kbyte region, 
a 16-Mbyte region, or a 4-Gbyte region. The TLB entries are 
lockable, allowing important TLB entries to be excluded from re- 
placement. The use of multiple CY7C604s in a system allows the 
number of TLB entries to increase from 64 up to a maximum of 
256. 

The MMU performs its address translation task by comparing a 
virtual address supplied by the CY7C601 (integer unit) to the ad- 
dress tags in the TLB entries. If the virtual address and the value 
of the context register match a TLB entry, a TLB “hit” occurs. 
When this occurs, the physical address stored in the TLB is used 
to translate the virtual address to a physical address. The access 
type (read/write of data or instruction) and privilege level (user/ 
supervisor) are checked during translation. If a TLB hit occurs 
but access level protection is violated, the MMU signals an excep- 
tion and the operation ends. 

If the virtual address or context does not match any valid TLB 
entry, a TLB “miss” occurs. This causes a table walk to be per- 
formed by the MMU. The table walk is a search performed by 
the MMU through the address translation tables stored in main 
memory. The MMU searches through several levels of tables for 
the PTE corresponding to the virtual address. Upon finding the 
PTE, the MMU translates the address and selects a TLB entry for 
replacement, where it then stores the PTE. 

The 64-kbyte virtual cache is organized into 2048 lines of 32 bytes 
each. The term “virtual cache” refers to the direct addressing of 
the cache by the integer unit (CY7C601) with the virtual address 
bus. Virtual address bits (VA(15:5)) select the cache line, and vir- 


tual address bits (VA(4:2)) select the 32-bit word of the cache line, 
as illustrated in Figure 1. The CY7C604 provides access control 
for the cache by checking the context and virtual address against 
the cache tags. If the virtual address, access level, and context 
match the cache tag for the cache line addressed, a cache hit oc- 
curs and the access is enabled. If the virtual address or context 
do not match the cache tag for the cache line, a cache miss occurs 
and the cache controller accesses main memory for the required 
data. 



Figure 1. Virtual 64-kbyte Cache 

The CY7C604 provides cache locking, which prevents the data 
stored in the cache from being replaced. The entire cache is 
locked by setting the Cache Lock bit (CL) in the System Control 
Register (SCR). 

The cache controller supports two modes of caching : 
write-through with no write allocate and copy-back with write al- 
locate. Write-through mode is a simpler style of cache manage- 
ment that causes write accesses to the cache to be written through 
to main memory upon each write access. The advantage of this 
method is that the cache always remains coherent with main 
memory. Its disadvantage is that each write to the cache is echoed 
to main memory, which increases traffic on the system bus. 
Another disadvantage to write-through is that the processor is 
delayed by the time required to arbitrate the system bus and write 
the data to main memory. However, in the case of the CY7C604, 
this disadvantage is largely offset by the inclusion of write buffers. 
The write buffers can store up to four double-word accesses, al- 
lowing the CY7C601 to continue execution while data is written 
to main memory. 

Copy-back cache mode causes write accesses to be written to the 
cache only. This causes the cache line to become modified. Modi- 
fied cache lines are automatically written back to main memory 
only when the cache line is no longer needed. Copy-back mode 
provides substantial system performance improvements over 
write-through due to decreased traffic on the system bus. 

A 32-byte write buffer and a 32-byte read buffer are provided in 
the CY7C604 to fully buffer the transfer of a cache line. This fea- 
ture allows the CY7C604 to simultaneously read a cache line from 
main memory as it is flushing a modified cache line from the 
cache. This feature is also used in write-through cache mode for 
write accesses to main memory. The write buffer avoids stalling 
the CY7C601 on writes to main memory by storing the write data 
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until the physical bus becomes available. The write buffer writes 
the data to memory as a background task. 

The CY7C604 supports the SPARC Mbus standard bus interface. 
The Mbus is a peer level, high-speed, 64-bit, multiplexed address 
and data bus which supports a full peer level protocol (i.e., multi- 
ple bus masters). The Mbus transfers data in either burst or 
non-burst mode, depending upon size. Data transactions larger 
than eight bytes (one doubleword) are transferred in burst mode, 
which consists of an address phase followed by four data phases 
(32-bytes total). Non-burst transactions consist of an address 
phase followed by one data phase, and are used for data transac- 
tions less than eight bytes. Bus mastership is granted and con- 
trolled by an external bus arbiter. The bus arbiter sets bus priori- 
ties, and grants access to a bus master. 

Memory Management Unit 

The MMU provides virtual to physical address translation with 
the use of an on-chip Translation Lookaside Buffer (TLB). The 
translation lookaside buffer is in reality a full Address Translation 
Cache (ATC) for address translation entries stored from tables in 
main memory. These entries, referred to as page table entries or 
PTEs, contain the mapping information used by the MMU to 
translate the virtual addresses. Addresses presented to the MMU 
for translation are compared against the set of PTEs stored in the 
TLB. All entries in the TLB are simultaneously accessed through 
the use of advanced Content Addressable Memory (CAM) tech- 
nology. If a match for the virtual address and context is found in 
a valid TLB entry and the access protection is not violated, a TLB 
hit occurs and the address is translated. A virtual address and con- 
text that matches a valid TLB entry but violates the memory ac- 
cess protections will cause the C Y7C604 to generate a memory ex- 
ception to the CY7C601. If the TLB entries do not match the 
address and context, or the TLB entry is invalid, then a TLB miss 
occurs. The MMU responds to the TLB miss by initiating a table 
walk to find the correct PTE stored in main memory for the virtual 
address. 

The MM U uses a tree-structured table walk algorithm to find 
page table entries not found in the TLB. The table walk is a 
search through a series of tables in main memory for the PTE cor- 
responding to a virtual address. The table walk uses a series of 
four tables. These tables are: the context table, the level 1 table, 
the level 2 table, and the level 3 table. The table walk uses the 
context pointer register as a base register and the context number 
as an offset to point to an entry in the context table. At any ad- 
dress, the MMU finds either a PTE, which terminates its search, 
or a page table pointer (PTP). A PTP is a pointer used in conjunc- 
tion with a field in the virtual address to select an entry in the next 
level of tables. The table walk continues searching through levels 
of tables as long as PTPs are found pointing to the next table. The 
table walk terminates when a PTE is found, or an exception is gen- 
erated if a PTE is not found after accessing the level 3 table. An 
exception is also generated if the table walk finds an invalid or re- 
served entry in the page tables. 

Upon finding the PTE, the CY7C604 stores it in an available TLB 
entry and translates the corresponding virtual address. The table 
walk processing is implemented in the CY7C604 hardware. It is 
self-initiated, and is transparent to the user. 

Cache Controller 

The cache controller provides cache memory access control for 
a 64-kbyte direct mapped virtual cache. The cache controller is 
designed to use two CY7C157 cache RAMs for the cache 


memory. These cache RAMs are 16-kbyte x 16 SRAMs with 
on-chip address and data latches and timing control. The 
CY7C601 cache can be expanded to a maximum of 256 kbytes by 
adding additional groups of one CY7C604 and two CY7C157s. 
Using multiple CY7C604s to expand the cache is referred to as 
a multichip configuration for the CY7C604, and is described in 
the CY7C604 Multichip Configuration section in the SPARC 
RISC User’s Manual. 

The cache is organized as 2048 cache lines of 32 bytes each. The 
CY7C604 has 2048 cache tag entries on-chip, one tag entry for 
each cache line. Addressing for the virtual cache is provided di- 
rectly from the virtual address bus. The virtual address field 
(VA(15:5)) selects one of the 2048 lines of the cache. This address 
field also selects one of the corresponding cache tag entries in the 
CY7C604. A cache hit occurs when the upper sixteen bits of the 
virtual address and the context register match with the virtual ad- 
dress and context stored in the selected cache tag entry. The low- 
est five bits of the virtual address bus (VA(4:0)) select one of the 
32 bytes in the cache line. Cache data replacement is always per- 
formed by replacing cache lines. 

The cache is designed to provide data with every read access as- 
serted on the virtual bus, regardless of the cache controller. The 
CY7C604 controls cache read access by halting the CY7C601 if 
a cache hit is not detected by the cache controller. The cache con- 
troller then reads the new cache line from main memory, and sup- 
plies the correct data to the CY7C601. After the co rrect data is 
latched into the CY7C601 by strobing the MDS signal, the 
CY7C601 is released and execution proceeds normally. 

Writes to the cache are controlled by the CY7C604, which de- 
codes the lowest two bits of the virtual address, the SIZE(1:0) sig- 
nal, and checks for a cache hit to enable the correct cache byte 
write enable sign als. If a cache write hit occurs, the CY7C604 de- 
codes the correct CBWE signals for the write access, and outputs 
these to the CY7C157 cache RAM write enables. If the cache 
mode is set to write-through (see Cache Modes), the write data 
is also written to main memory. If a write cache miss occurs for 
write-through cache mode, the data is written to main memory 
and the cache is not updated. If the write cache miss occurs during 
copy-back cache mode (see Cache Modes), the cache line is 
fetched from main memory. If the cache line stored in the cache 
when the write cache miss occurred has been modified, the old 
cache line is written to main memory before the cache line is re- 
placed by the new data. After the cache line has been replaced, 
the write access is enabled by the CY7C604. 

Cache Tag 

The CY7C604 features 2048 direct-mapped cache tag entries. 
The on-chip cache tag and the TLB are accessed simultaneously. 
Each entry in the cache consists of 16 bits of virtual address 
(VA(31:16)), a 12-bit context number (CXN(11:0)), one valid bit 
(V) and one modified bit (M). The valid bit (V) is set or cleared 
to indicate the validity of the cache tag entry. The modified bit 
(M) of a cache tag entry is set during copy-back mode after a write 
access to the cache line. This indicates that the cache line has 
been modified. The modified bit has no meaning for 
write-through cache mode. The cache line select field (VA(15:5)) 
is used to select a cache line entry and its corresponding cache tag 
entry. The address field (VA(3 1: 16)) and context register are com- 
pared against the virtual address and the context fields of the se- 
lected cache tag entry. If a match occurs, then a cache hit is gener- 
ated. If a match is not found, then a cache miss is generated. To 
complete an access successfully, both the cache tag and the TLB 
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must be hi t with appropriate access level permission. On Power- 
On Reset (POR), all cache tag entries are invalidated (all V bits 
are cleared). 

A supervisor bit (S) is included in the cache tag entry. For cache 
tag entries which are accessible by the supervisor only (access level 
field 6 or 7), the S bit is set. During a cache tag look up, if the ac- 
cess is supervisor mode and the the S bit is set, the context number 
comparison is ignored and the context match is forced. This oper- 
ation is similar to a TLB look up with access level field set to either 
6 or 7. 

Cache Modes 

The virtual cache can be programmed for either write-through 
with no write allocate or copy-back with write allocate. The two 
cache modes differ in how they treat cache write accesses. 
Write-through cache mode causes write hits to the cache to be 
written to both cache and main memory. Write-through write 
cache misses will only update main memory and invalidate the 
cache tag, but will not modify the cache. 

A write access in copy-back mode will modify the cache only. The 
writing of the modified cache line to main memory is deferred un- 
til the cache line is no longer required. Copy-back cache mode 
has the advantage of reducing traffic on the system bus. Bus traf- 
fic is reduced since all updates to memory are deferred and are 
performed subsequently only as absolutely required. In addition, 
all such data transfers are made utilizing the more efficient burst 
mode. 

CY7C604 Registers 

All values in all control registers are read/write (with the excep- 
tion of the implementation and version fields of the SCR). Con- 
trol registers are accessible by use of the alternate space load or 
store instructions with ASI = 4. 

Programmer’s Note: To ensure software compatibility with future 
versions of the CY7C604, reserved fields in a register should be 
written as zeros and masked out when read. 

System Control Register (SCR) 

The system control register, as shown in Figure 2, defines the op- 
eration modes for the cache controller and MMU. The following 
describes the functions of the bit fields in the SCR. 

CE. Cache-enable bit (SCR(8)) indicates whether the virtual 
cache is enabled or not. This bit is set to 1 to enable the cache 
controller. 

CL. Cache-lock bit (SCR(9)) indicates whether the entire cache 
is locked or not. This bit is set to 1 to lock the cache. 


CM. Cache-mode bit (SCR(IO)) indicates whether the cache is 
operating under write-through no write allocate policy or 
copy-back write allocate policy. This bit is set to 1 to enable 
copy-back cache mode. Setting this bit to 0 will enable 
write-through cache mode. 

C. Cacheable bit (SCR(13)) indicates whether the access is cache- 
able or not when the MMU is disabled. This bit is set to 1 if ac- 
cesses on the physical bus (with the MMU disabled) are to be con- 
sidered cacheable. 

BM. Boot-mode bit (SCR(14)) indicates the system is in boot 
mode. This bit is set to 1 to indicate boot mode and is automatical- 
ly set upon power-on reset. 

MCA(I:0). Multichip address field (SCR(23:22)) provides the ad- 
dress field in multichip configuration. For more information, re- 
fer to the CY7C604 Multichip Configuration section in the 
SPARC RISC User’s Manual. 

MCM(1:0). Multichip mask field (SCR(21:20)) provides a mask- 
ing facility to mask certain multichip address (MCA) bits in order 
to provide a facility to build systems with a different number of 
CY7C604s (from 1 to 4). 

MV. Multichip configuration valid bit (SCR(19)) indicates that the 
MCA and MCM fields are valid. 

NF. No-fault bit (SCR(l)) prevents supervisor data accesses from 
signaling data faults to the CY7C601. When the NF bit is set, ex- 
ception-generating logic (in both the TLB and the table walk) 
does no t indicate supervisor data faults to the CY7C601 (via 
MEXC), but status and address information is recorded in the 
SFSR and SFAR registers as in normal data access operations. 
When the NF bit is not set, the CY7C604 reports the supervisor 
data exceptions. 

ME. MMU-enable bit (SCR(0)) indicates whether the MMU is 
enabled or not. This bit is set to 1 to enable the MMU. 

The implementation number (SCR(31:28)) and the version num- 
ber (SCR(27:24)) fields are hardwired; they are read only fields 
and writes to those fields are ignored. 

Implementation number field: 0001 
Version number field: 0000 

On power-on reset, all writeable control bits except the BM bit 
are cleared. This sets the CY7C604 into the following state: cache 
disabled (CE = 0), cache unlocked (CL = 0), write-through mode 
(CM = 0), non-cacheable (C = 0), boot-mode enabled (BM = 
1), multichip disabled (MV = 0), no fault disabled (NF = 0), and 
MMU disabled (ME = 0). 


IMPL 

VER 

| MCA | 

| MCM | 

ESI 

RSV 


B 

| RSV | 


m 

63 

RSV 

28 

27 24 

23 22 

21 20 

19 18 

15 14 

13 

12 11 

10 

9 

8 

7 


NFlME 


31 


2 1 


1MPL = Specific Implementation of the MMU CM = Cache Mode 

VER = Version of Specific Implementation (typically mask revision) CL = Cache Lock 

MCA (0:1) = Multichip Address CE = Cache Enable 

MCM (0:1) = Multichip Mask NF = No Fault 

MV = Multichip Valid ME = MMU Enable 

BM = Boot Mode RSV = Reserved 

C = Cacheable (when MMU disabled) 

Figure 2. System Control Register (SCR) 
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Context Table Pointer Register (CTPR) 

The context table pointer points to the context table in physical 
memory. The table is indexed by the contents of the context regis- 
ter. The context table pointer appears on bits 35 through 14 of 
the Mbus (MAD(35:14)) during the first fetch of TLB miss pro- 
cessing. Once the root pointer is cached in the PTPC (page table 
pointer cache), no fetching of the root pointer is required until the 
context is changed (see Figure 3). 

CTP 
31 

CTP = Context Table Pointer 
RSV = Reserved 

Figure 3. Context Table Pointer Register 
Context Register (CXR) 

The context register defines a virtual address space associated 
with the current process. The CXR is a twelve bit register that 
supports 4096 contexts. This register is used to define the current 
context for the CY7C604. Nearly all CY7C604 operations are de- 
pendent upon matching the value of this register to a cache tag 
entry or TLB entry. 



31 12 11 0 


CXN = Context Number 
RSV = Reserved 

Figure 4. Context Register 
Reset Register (RR) 

The RR register contains information regarding whether Watch 
Dog Reset (WDR), Software Internal Reset (SIR) or Software Ex- 
ternal Reset (SER) occurred. This is a read/write register, and set- 
ting the software internal reset bit (SIR) or the software external 
reset (SER) causes the corresponding reset. On power-on reset, 
the WDR, SIR, and SER bits in the RR will be cleared. Reading 
the RR will also clear these bits. 



31 3 2 10 

RSV = Reserved 
WDR = Watchdog Reset 
SIR = Software Internal Reset 
SER = Software External Reset 

Figure 5. Reset Register 




31 6 5 10 

RP = Root Pointer 
RSV = Reserved 
V = Valid 

Figure 6. Root Pointer Register 

On power-on reset, the V bit is cleared. When the current context 
is changed by writing to the Context Pointer Register (CXR), the 
V bit of the RPR is cleared. The V bit is also cleared when the 
CTPR register is written. 

Instruction access PTP (IPTP) 


The IPTP is the instruction access level 2 table Page Table Pointer 
(PTP) and is part of the page table pointer cache. On power-on 
reset, the V bit is cleared. 



31 4 3 10 

IPTP = Instruction Access PTP 

RSV = Reserved 
V = Valid 

Figure 7. Instruction Access PTP Register 
Data access PTP (DPTP) 


The DPTP is the data access level 2 table Page Table Pointer 
(PTP) and is a register in the page table pointer cache. On power-on 
reset, the V bit is cleared. 



31 4 3 10 

DPTP = Data Access PTP 

RSV = Reserved 
V = Valid 

Figure 8. Data Access PTP Register 


Index Tag Register (ITR) 

The ITR contains the tag (indexl and index2) fields of the IPTP 
and DPTP entries. 



31 18 17 16 15 210 


RSV = Reserved 

ITAG = Instruction Access PTP Tag 
DTAG = Data Access PTP Tag 


Root Pointer Register (RPR) 

The RPR is the context level table Page Table Pointer (PTP) and 
is cached in the page table pointer cache. 


Figure 9. Index Tag Register 
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TLB Replacement Control Register (TRCR) 

The TRCR contains the Replacement Counter (RC) and Initial 
Replacement Counter (IRC) fields as shown in Figure 10. These 
fields are used in order to support random replacement and to 
support locking capabilities of the TLB. On power-on reset, both 
the RC and IRC fields are initialized to zero. 


RSV 

RC 

RSV 

IRC 

31 14 

13 8 

7 6 

5 0 


RSV = Reserved 

RC = Replacement Counter 

IRC = Initial Replacement Counter 


Figure 10. TLB Replacement Control Register 
Synchronous Fault Status Register (SFSR) 

The synchronous fault status register, illustrated in Figure 1 1 , con- 
tains fault-associated information for synchronous faults. Syn- 
chronous faults are faults that occur during an integer unit access 
of memory. Synchronous faults include almost all possible faults 
for the CY7C604. This type of fault is synchronous to the opera- 
tions of the CY7C601. For the CY7C604, this fault type covers 
all cases except those caused by delayed writes of data stored in 
the write buffers. These faults are asynchronous to the operation 
of the CY7C601, and are named asynchronous faults. 

An example of a synchronous fault is a privilege violation fault 
caused by attempting an unauthorized memory access. U pon en- 
countering a syn chronous f ault, the C Y7C604 asserts the MEXC 
signal, along with MHOLD and M DS. Sync hronous faults are the 
only exception type that assert the MEXC signal. 

The CBT bit indicates that a translation error occurred during a 
table walk for the flush of a modified cache line of a copy-back 
mode cache miss. The SFAR will contain the address of the 
missed cache access, not the modified cache line address causing 
the translation error. When this type of error occurs, the cache 
tag remains valid, and the cache line remains modified. 

The Uncorrectable Error (UE), Timeout Error (TO), an d Bus Er- 
ror bits (B E) report error status as encoded in the MERR, 
MRTY, and MRDY signals. (Refer to the section on Mbus for 
further information.) The level bits (L) describe the level in a 
table walk process at which the fault occurred (if applicable). 


| RSV | 

CBT 

UC 

TO 

BE 

1 L 1 

1 AT 1 

1 FT 1 

FAV 

OW 

31 14 

13 

12 

11 

10 9 

87 5 4 2 

1 

0 


RSV = Reserved 
UC = Uncorrectable Error 
TO = Time Out Error 
BE = Bus Error 

CBT = Copy-back Translation Error 


L = Level 
AT = Access Type 
FT = Fault Type 
FV = Fault Address Valid 
OW = Overwrite 


Figure II. Synchronous Fault Status Register 

The access type bits (AT(2:0)) describes the access type that 
caused the fault. This field specifies user/supervisor access and 
whether the access is load or store of data or instruction. The 
Fault-Type bits (FT) describe the fault type. The fault address val- 
id bit is set when the address in the Synchronous Fault Address 
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Register (SFAR) is a valid fault address. The Over- Write bit 
(OW) is set in the case of a double fault where the fault status 
stored in the SFSR does not correspond with the fault first 
trapped on by the CY7C601. 

Synchronous Fault Address Register (SFAR) 

The synchronous fault address register contains the faulted virtual 
address. 


SFA 


31 0 


SFA = Synchronous Fault Address 

Figure 12. Synchronous Falut Address Registers 

Asynchronous Fault Status Register (AFSR) 

Asynchronous faults are those faults caused by a delayed memory 
access initiated by the CY7C604. This type of error can only be 
caused by a delayed write to main mem ory initia ted by the write 
buffer. Asynchronous faults cause the CMER signal to be as- 
serted, which can be used as an interrupt to the CY7C601. 

The UC, TO, and BE bits are identical to those in th e SFSR . 
They a re s et by th e information encoded into the MERR, 
MRTY, and MRDY signals of the Mbus. The asynchronous fault 
address bits provide the upper four bits of the physical address not 
captured in the Asynchronous Fault Address Register (AFAR), 
which is a thirty-two bit register. 


RSV 

El 

El 

BE 

RSV 

AFA(35:32) 

| RSV | 

EE 

31 13 

12 

11 

10 9 8 7 4 

3 1 



RSV = Reserved BE = Bus Error 

UC = Uncorrectable Error AFA = Asynchronous Fault Address 

TO = Time Out Error AFO = Asynchronous Fault 

Occurred 

Figure 13. Asynchronous Falut Status Register 

The Asynchronous Fault Occurred bit (AFO) is set when an 
asynchronous fault is encountered. Once the Asynchronous Fault 
Occurred (AFO) bit is set, no further asynchronous faults are re- 
corded until the AFO bit is cleared, which is accomplished by 
reading the asynchronous fault address register (see Figure 13). 
On power-on reset, the UC, TO, BE, and AFO bits in the AFSR 
will be cleared. Reading the AFSR will also clear these bits. 

Asynchronous Fault Address Register (AFAR) 

The AFAR contains bits 31 - 0 of the physical address for a 
asynchronous faults (bus errors). Asynchronous faults can occur 
during delayed write accesses or during background cache line 
flush operations in copy-back mode (see Figure 14). The address 
in the AFAR is concatenated with the four AFA bits in the AFSR 
to define the entire 36-bit physical address. 


AFA 


31 0 


AFA = Asynchronous Fault Address 
Figure 14. Asynchronous Fault Address Register 
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Figure 15. CY7C604 Pin Configuration 


Pin Definitions 

The functional pinout is shown in Figure 15. Note that all 
three-state output signals are driven to their inactive state before 
they are released to three-state. 

Virtual Bus Signals 

Signal 

Name I/O Description 

A(31:16) I Virtual Address bus. A(31:16) are input sig- 

nals during normal read/write accesses and 
are latched into the CY7C604 on the rising 
edge of clock. 

A(15:2) I/O Virtual Address bus. Three-state input/out- 

put signals. A(15:2) are input signals during 
normal read/write accesses and are latched 
into the CY7C604 on the rising edge of the 
clock. They are output signals during cache 
line loads into the cache RAM and modified 
cache-line reads from the cache RAM. 

A(1:0) I Virtual Address bus. A(1:0) are input sig- 

nals during normal read/write accesses and 
are latched on the rising edge of clock. 

ASI(5:0) I Address Space Identifiers. The ASI bits are 

used to: 

1. Identify various types of accesses (user/ 
supervisor, instruction/data) 

2. Access CY7C604 registers 

3. Initiate MMU flush/probe operation 

4. Identify cache flush operations 

5. Recognize diagnostic operations 

6. Recognize pass physical address space 


Virtual Bus Signals (continued) 

Signal 

Name I/O Description 

D(31:0) I/O Virtual Data bus. Three-state input/output 

signals. D(31:0) are input signals during 
CY7C601 normal write accesses, modified 
cache-line reads from the cache RAM, 
CY7C604 register writes or CY7C604 diag- 
nostic accesses. They are output signals dur- 
ing cache line loads into cache RAM, 
CY7C604 register reads or CY7C604 diag- 
nostic accesses. 

ERROR I Error (active low) signal from the CY7C601. 

When this signal is asserted, it indicates the 
CY7C601 has halted due to entering the er- 
ror state. The CY7C604 reads this signal 
and initiates a watchdog reset. 

FNULL I Floating point unit NULLification cycle (ac- 

tive high). When FNULL is active, the cur- 
rent access will be ignored. 

INULL I Integer unit NULLification cycle (active 

high). When INULL is active, the current 
access will be ignored. 

IOE O Integer unit Output Enable (active low). 

This signal is continually drive n high or low. 
This s ignal is connected to the AOE and 
DOE input s of t he CY7C601. When as- 
serted, the IOE will place the address 
(A(31:0)), address space identifiers 
(ASI(7:0)), and data (D(31:0)) drivers of the 
CY7C601 in a three-state condition. 

IRST O Integer unit Reset (active low) is asserted to 

reset integer unit. This signal is continually 
driven high or low. 

LDSTO I Load Store Atomic operation indicator (ac- 

tive high). Asserted by the CY7C601 during 
atomic load store cycles and is sampled by 
the CY7C604 on the rising edge of the 
clock. 

MDS O Memory Data Strobe (active low) is asserted 

for one clock to strobe data int o the 
CY7C601 during a cach e miss. MHOLD 
must be low when MDS is asserted. It is 
driven off of the falling edge of the clock. 
This is a three-state output. 

MEXC O Memory Exception (active low) is asserted 

for one clock whenever a privilege o r protec- 
tion v iolation is detecte d. MHO LD and 
MDS must be low when MEXC is asserted. 
This is a three-state output. 

MHOLD O Memory Hold (active low) is asserted by the 

CY7C604 whenever it requires additional 
time to complete the current access such as 
during cache miss etc. It is driven off of the 
falling edge of the dock. 
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Virtual Bus Signals (continued) 


Mbus Signals (continued) 


Signal 



Signal 



Name 

I/O 

Description 

Name 

I/O 

Description 


RD 

i 

Read cycle indicator (active high). Asserted 
by the CY7C601 during read cycles and is 
sampled by the CY7C604 on the rising edge 
of the clock. This signal is also used to gen- 
erate cache output enable (CROE). 

SIZE(1:0) 

i 

SIZE of access indicator. Specifies the data 
width of the CY7C601 access and is sampled 
by the CY7C604 at the rising edge of the 
clock. 

SNULL 

I 

System NULLification cycle (active high). 
When SNULL is active, the current access 
will be ignored. 

WE 

I 

Write Enable to indicate write cycle (active 
low). Asserted by the CY7C601 during 
write cycles and is sampled by the CY7C604 
on the rising edge of the clock. This signal is 
also used to generate cache byte write en- 
ables (CBWE(3:0)). 

Mbus Signals 


MAD(45) (MBL) Mbus Boot Mode/Local 
indicator. MBL is high during the address 
phase of boot mode transactions. The in- 
struction fetch and data accesses to the 
Mbus while the MMU is disabled in boot 
mode are considered BOOT MODE transac- 
tions. The data transactions on the Mbus 
required for Load/Store Alternate instruc- 
tions with ASI = 1 are considered LOCAL 
transactions. 

MAD(63:46) Reserved during address phase 
(Driven high). 

During the data phase of the transaction the 
MAD(63:0) lines contain the 64 bits of data 
being transferred. 

MAS O Mbus Address Strobe (active low). Asserted 

by the bus master during the first cycle of 
every bus transaction to indicate the address 
phase of that transaction. This is a 
three-state output. 


Signal 

Name I/O Description 

CMER O CMU Error (active low). This signal is as- 

serted if any bus error has occurred during 
writes to main memory. A system can use 
this signal to cause an interrupt. This signal 
has the same timing specifications as the 
Mbus control signals and asserted for one 
clock. This signal is constantly driven. 

MAD I/O Mbus Address and Data (three-stated bus). 

(63:0) During the address phase of a transaction 

MAD(35:0) contains the physical address 
PA(35:0). The remaining signals 
MAD(63:36) during the address phase of the 
transaction contains the transaction asso- 
ciated information as shown below: 


MAIX3?;36) Transaction Type 


OH 

Mbus write 

1 H 

Mbus read 

2-FH 

Reserved 

MAD(42:40) 

transaction Size 

0 

Byte (8 bits) 

1 

Halfword (16 bits) 

2 

Word (32 bits) 

3 

Doubleword (64bits) 

4 

16 Bytes* 

5 

32 Bytes 

6 

64 Bytes* 

7 

128 Bytes* 


* Not supported by the CY7C604. 


MAD(43) (MC) Mbus Cacheable (active 
high). Indicates the current Mbus transac- 
tion is cacheable. 


MBB 


MBG 

MBR 

MERR 

MRDY 

MRST 

MRTY 


I/O Mbus Bus Busy (active low). Asserted by the 
current Mbus master during an entire trans- 
action and, if required, during both the read 
and write transactions of indivisible accesses. 
The p otential bus master devices sample 
MBB in order to obtain bus mastership as 
soon as the current master releases the bus. 
This is a three-state output. 

I Mbus Bus Grant (active low). Asserted by 
external arbiter when the Mbus is granted to 
a master. This signal is continually driven. 

0 Mbus Bus Request (active low). Asserted by 
potential Mbus master devices to acquire bus 
mastership. This signal is continually driven. 

1 Mbus Error (active low). Asserted or de- 
asserted by an Mbus slave during every data 
phase of a transaction. This signal is to be 
three-stated when released. 

I Mbus Ready (active low). Asserted or de- 
asserted by an Mbus slave during every data 
phase of a transaction. This signal is to be 
three-stated when released. 

0 Mbus Reset (active low). Asserted for 1024 
clock cycles by only one source on the Mbus 
to initialize all devices on the Mbus. This 
signal is continually driven. 

1 Mbus Retry (active low). Asserted or de- 
asserted by an Mbus slave during every data 
phase of a transaction. This signal is to be 
three-stated when released. 
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Mbus Signals (continued) 


Miscellaneous Signals 


Signal 

Name I/O Description 


MERR 

MRDY 

MRTY 

Action 

H 

H 

H 

Nothing 

H 

H 

L 

Relinquish 




and Retry* 

H 

L 

H 

Data 




Strobe 

H 

L 

L 

Reserved 

L 

H 

H 

Bus Error 

L 

H 

L 

Time Out 

L 

L 

H 

Uncorrect- 




able Error 

L 

L 

L 

Retry* 


* See section on Physical Bus (Mbus) 

POR I Power-On Reset (active low). The POR ini- 

tializes all on-chip logic to a known state, 
invalidates all the TLB entries, and all cache 
tag entries. It must be asserted for a mini- 
mum of 8 clocks. I t also causes the 
CY7C604 to assert IRST to reset the 
CY7C601. 


Cache RAM Signals 


Signal 

Name I/O Description 

CBWE O Cache Byte Write Enables (active low). 

(3:0) During normal write operations, certain byte 

enable signals are asserted depending upon 
the size and A(1:0) inputs. During a cache 
line load all four byte enable signals are as- 
serted. These signals can also be driven by 
using a store alternate instruction with ASI 
= F H. This feature is supported for diag- 
nostic purposes. This out put is con tinually 
driven (not three-stated). CBWEO c ontrols 
the most significant byte (MSB) and CBWE3 
controls the least significant byte (LSB). 

CROE O Cache RAM Output Enable (active low). 

Asserted during normal read operations with 
ASI = 8, 9, A, B and during modified cache 
line read operations. This signal is also as- 
serted during cache data read operations 
with ASI = F for diagnostic purposes. This 
signal is continually driven. 


Signal 

Name I/O Description 

CLK I System Clock. This is the same clock used 

by the 7C601 integer unit. 

CSEL I Chip Select (active low). In multi-CMU sys- 

tems, CSEL on each CY7C604 is connected 
to different address lines (any one from 
A(31:16)) to initialize the multi chip co nfigu- 
ration. In single-CMU systems, CSEL 
should be connected to ground in order to 
permanently ena ble the CY7C604. In mul- 
ti-CMU systems, CSEL should be connected 
to ground or VCC through a resistor during 
Power-On Reset. This is required in order to 
enable only one boot mode CMU. 

CSTA O Cache Status. This pin provides the status of 

cache. In write-through, the CSTA indicates 
whether the write transaction on the Mbus 
has cache hit or not. For read transaction on 
the Mbus in either write-through or 
copy-back mode, the CSTA indicates wheth- 
er it is replacing a valid cache line entiy or 
not. 

This signal has the same timing specifications 
as the Mbus signals such as MC and has 
meaning only in the address phase of Mbus 
transactions. This signal is continually driven 
high or low. 


CACHE 

MODE 


CONDITION 

Write- 

through 

1 

read and valid cache line 
replacement 

0 


1 

write and cache hit 

0 

write and cache miss 

Copy- 

back 

1 

read and valid cache line 
replacement 

0 

read and invalid cache line 
replacement 

£22221 

write 


TOE I Test Output Enable (active low). This signal 

is used (when high) to thr ee-sta te all output 
drivers of the CY7C604. TOE SHOULD 
BE TIED LOW DURING NORMAL OP- 
ERATION. It is used to isolate the 
CY7C604 from the rest of the system for 
debugging purposes. 
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Features 

• Multiprocessing support 

• Pin-compatible with CY7C604 

• Cache coherency protocol modeled 
after IEEE Futurebus 

• Separate virtual and physical cache 
tag memories 

— Each cache tag memory holds 
2048 cache entries 
— Allows concurrent bus snooping 
without stalling processor 

• Large address space support 

— 32-bit virtual address 

— 36-bit physical address 

• 32-byte cache line size 

• Byte write generation 

• Write-through and copy-back cache 
policies 

• 32-byte read line buffer 

• 32-byte copy-back write line buffer 

• 32-byte write-through buffer 

• Fully conforms to SPARC Reference 
Mbus Level-2 specification 


Logic Block Diagram 


• Fully conforms to the SPARC refer- 
ence Memory Management Unit 
(MMU) architecture 

• On-chip Translation Lookaside 
Buffer (TLB) 

— 64 fully associative entries 
— Multi-level TLB flush 

— TLB probe support 
— Lockable entries 
— Random TLB replacement 
— Supports multi-level address map- 
ping (4-kbyte, 256-kbyte, 
16-Mbyte, and 4-Gbyte). 

• Supports context switching 

— 4096 contexts for TLB entries 

— 4096 contexts for cache tag 

• Page-level memory access protection 
— Read/Write/Execute 

— User/Supervisor modes 

• Hardware table walk 

• 0.8-micron CMOS technology 


Cache Controller and 
Memory Management Unit 

1C refer- Description 


The CY7C605 is a combined cache con- 
troller and memory management unit op- 
timized for multiprocessing systems. It is 
a high-speed CMOS implementation of 
the SPARC® reference memory manage- 
ment architecture, combined with a cache 
memory controller and on-chip virtual and 
physical cache tag memories. The 
CY7C605 supports the SPARC reference 
Mbus level-2 protocol for multiprocessing 
systems. 

The CY7C605 is a functional superset of 
the CY7C604, and is pin-compatible to the 
CY7C604. The CY7C605 directly con- 
nects to the CY7C601 integer unit micro- 
processor and CY7C157 cache data RAM 
without any external circuitry. When com- 
bined with two CY7C157 16-kbyte x 16 
cache RAMs, the CY7C605 forms a com- 
plete, no wait-state, 64-kbyte direct 
mapped virtual cache system. 


Pin Configuration 


VIRTUAL BUS 
CONTROL 


CAM 

RAM 

ARRAY 

ARRAY 


TLB CONTROL 


TABLE 

WALK 

CONTROL 


Mbus (LEVEL-2) 
CONTROL 


CONTROL REGISTERS 


I RR II CXR I 
I CTPR lf~ TRCR I 

CACHE CONTROL 
AND 
ALIAS 

DETECTION 



WRITE BUFFER(S) 


READ BUFFER 


VIRTUAL 

CACHE 

TAG 

ARRAY 


PHYSICAL 

CACHE 

TAG 

ARRAY 


CY7C605 

CACHE CONTROLLER 
AND 

MEMORY MANAGEMENT 
UNIT 
FOR 

MULTIPROCESSING 

(CMU-MP) 


Selection Guide 


Maximum Supply Current (mA) Commercial 

Military 


SPARC is a registered trademark of Sun Microsystems, Inc. 


7C605-40 


650 


7C605-33 


600 


7C605-25 


600 


650 
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Functional Description 

The CY7C605 represents the evolution of the Cypress CY7C600 
family into the realm of multiprocessing. The CY7C605 is a com- 
bined memory management unit (MMU) and cache controller 
with on-chip cache tag memory. A superset of the CY7C604, the 
CY7C605 is designed to support the requirements of multiproces- 
sing systems. The CY7C605 provides two separate cache tag me- 
mories as compared to the single cache tag memory used on the 
CY7C604. The second cache tag memory allows concurrent bus 
snooping without stalling the CY7C601. This allows the 
CY7C605 to maintain cache coherency with other cache systems 
without degrading CPU performance. The CY7C605 supports 
the Mbus cache coherency protocol, which is modeled after the 
acclaimed IEEE Futurebus. The CY7C605 is pin-compatible 
with the CY7C604. This allows a CY7C604-based CPU to be used 
in a multiprocessor system by substituting the CY7C605. 

The CY7C605 is designed as part of a system solution for 
high-performance multiprocessor computing using the Cypress 
SPARC chip set. This chip set consists of the CY7C601 integer 
unit, the CY7C602 floating-point unit, the CY7C605 CMU, and 
two CY7C157 cache RAMs. The Cypress SPARC chip set com- 
prises a five chip, high-performance CPU requiring no additional 
glue logic. As part of this chip set, the CY7C605 provides support 
for large addressing spaces with virtual to physical address transla- 
tion, and provides control for a 64-kbyte virtual cache. As part 
of a multiprocessor system, the CY7C605 automatically maintains 
cache coherency with other multiprocessor CPUs sharing a com- 
mon memory system. 

The MMU portion of the CY7C605 provides translation from a 
32-bit virtual address range (4 gigabytes) to a 36-bit physical ad- 
dress (64 gigabytes), as provided in the SPARC reference MMU 
specification. Virtual address translation is further extended with 
the use of a context register, which is used to identify up to 4096 
contexts or tasks. The cache tag entries and TLB entries contain 
context numbers to identify tasks or processes. This minimizes 
unnecessary cache tag and TLB entry replacement during task 
switching. 

The MMU features a 64-entry Translation Lookaside Buffer 
(TLB). The TLB acts as a cache for address mapping entries used 
by the MMU to map a virtual address to a physical address. These 
mapping entries, referred to as page table entries or PTEs, allow 
one of four levels of address mapping. A PTE can be defined as 
the address mapping for a single 4-kbyte page, a 256-kbyte region, 
a 16-Mbyte region, or a 4-Gbyte region. The TLB entries are 
lockable, allowing important TLB entries to be excluded from re- 
placement. 

The MMU performs its address translation task by comparing a 
virtual address supplied by the CY7C601 (integer unit) to the ad- 
dress tags in the TLB entries. If the virtual address and the value 
of the context register match a valid TLB entry, a TLB “hit” oc- 
curs. When this occurs, the physical address stored in the TLB 
is used to translate the virtual address to a physical address. The 
access type (read/write of data or instruction) and privilege level 
(user/supervisor) are checked during translation. If a TLB hit oc- 
curs but access level protection is violated, the MMU signals an 
exception and the operation ends. 

If the virtual address or context does not match any valid TLB 
entry, a TLB “miss” occurs. This causes a table walk to be per- 
formed by the MMU. The table walk is a search performed by 
the MMU through the address translation tables stored in main 
memory. The MMU searches through several levels of tables for 
the PTE corresponding to the virtual address. Upon finding the 


PTE, the MMU translates the address and selects a TLB entry for 
replacement, where it then stores the PTE. 

The 64-kbyte virtual cache is organized into 2048 lines of 32 bytes 
each. The term “virtual cache” refers to the direct addressing of 
the cache by the integer unit (CY7C601) with the virtual address 
bus. Virtual address bits (VA(15:5)) select the cache line, and vir- 
tual address bits (VA(4:2)) select the 32-bit word of the cache line, 
as illustrated in Figure 1. The cache line selected by (VA(15:5)) 
is associated with a cache tag entry for that cache line. The 
CY7C605 provides access control for the cache by checking the 
context and virtual address against the cache tag for the selected 
cache line. If the virtual address, access level, and context match 
the validated cache tag for the cache line addressed, a cache hit 
occurs and the access is enabled. If the virtual address or context 
do not match the cache tag, or if the cache tag entry has been in- 
validated, a cache miss occurs and the cache controller accesses 
main memory for the required data. 



Figure 1. Virtual 64-kbyte Cache 


The cache controller supports two modes of caching : 
write-through with no write allocate and copy-back with write al- 
locate. The difference between the two caching modes is in how 
they handle write accesses to the cache. Write-through mode 
causes write accesses to the cache to be written through to both 
cache and main memory upon each write access. Copy-back 
cache mode causes write accesses to be written to the cache only, 
which causes the caches lines to become modified with respect to 
main memory. Modified cache lines are automatically written 
back to main memory only when the cache line is no longer needed. 

Write-through has the disadvantage that each write to the cache 
increases traffic on the system bus. This disadvantage becomes 
of increasing importance as multiple processors contend for 
memory bus bandwidth. Write-through also has the disadvantage 
that the processor is delayed by the time required to arbitrate the 
system bus and write the data to main memory. However, in the 
case of the CY7C605, this disadvantage is largely offset by the in- 
clusion of write buffers. The write buffers can store up to four 
double-word accesses, allowing the CY7C601 to continue execu- 
tion while data is written to main memory. 

Copy-back caching has long been recognized as providing higher 
system performance than write-through. Blocks of write accesses 
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(typically occurring in context switching or data intensive opera- 
tions) cause a write-through cache system to stall the processor 
even with the inclusion of write buffers. This is a problem in- 
herent with write-through that is avoided by copy-back caching 
mode. However, copy-back caching in multiprocessing systems 
introduces the issue of data consistency. Since copy-back holds 
modified data until the processor no longer requires the data, 
main memory becomes inconsistent with the contents of the 
cache. 

Cache coherency protocols have been established to deal with the 
data consistency problem, but many cache designs have avoided 
copy-back caching due to the complexity of implementing the pro- 
tocol. The CY7C605 solves the problems of supporting cache con- 
sistency protocols and provides the multiprocessor designer with 
the performance of a true copy-back cache system The CY7C605 
supports a cache coherency protocol modeled after the IEEE Fu- 
turebus, which has been acclaimed in the industry as a superior 
cache protocol. To support this protocol, the CY7C605 utilizes a 
dual cache tag memory to allow concurrent bus snooping. This en- 
ables the CY7C605 to monitor all bus activity without stalling the 
processor. The CY7C605 uses the bus activity information to 
maintain cache coherency, which it does automatically as a con- 
current task without interfering with the cache operations for the 
processor. Therefore, the CY7C605 provides a multiprocessing 
system a maximum performance copy-back cache without the 
problems of supporting a cache coherency protocol. 

A 32-byte write buffer and a 32-byte read buffer are provided in 
the CY7C605 to fully buffer the transfer of a cache line. This fea- 
ture is used in copy-back cache mode to allow the CY7C605 to si- 
multaneously read a cache line from main memory as it is flushing 
a modified cache line from the cache. This feature is also used in 
write-through cache mode for write accesses to main memory. 
The write buffer avoids stalling the CY7C601 on writes to main 
memory by storing the write data until the physical bus becomes 
available. The write buffer then writes the data to memory as a 
background task. 

The CY7C605 supports the SPARC Mbus standard bus interface. 
The Mbus is a peer level, high-speed, 64-bit, multiplexed address 
and data bus which supports a full peer level protocol (i.e., multi- 
ple bus masters). The Mbus transfers data in transaction sizes 
from 1 to 128 bytes. These data transfers are performed in either 
burst or non-burst mode, depending upon size. Data transactions 
larger than eight bytes (one doubleword) are transferred in burst 
mode, which consists of an address phase followed by multiple 
data phases. Non-burst transactions consist of an address phase 
followed by one data phase, and are used for data transactions less 
than eight bytes. Bus mastership is granted and controlled by an 
external bus arbiter. The bus arbiter sets bus priorities, and grants 
access to a bus master. 

Mbus is divided into two levels of implementation: level- 1 and 
level-2. Level-1, implemented on the CY7C604, is the uniproces- 
sor version of Mbus. Level-1 is a subset of level-2, which is the 
multiprocessor version of Mbus. The CY7C605 supports level-2 
Mbus. Level-2 Mbus includes the IEEE Futurebus cache coher- 
ency protocol, which has been recognized in the industry as a su- 
perior method of supporting multiprocessing systems. 


The level-2 Mbus supports direct data intervention, which allows 
a cache system with the up-to-date version of a cache line to di- 
rectly supply the data to another cache system without having to 
first update main memory. Direct data intervention provides a 
significant performance improvement over systems which do not 
support this feature. In addition, the CY7C605 provides support 
for memory systems with reflective memory controllers. A 
memory system with reflective memory control can recognize a 
cache to cache data transaction and automatically update itself 
without delaying the system. Secondary cache controllers are also 
supported by the CY7C605, which provide a performance advan- 
tage over systems directly using main memory. 


The MMU provides virtual to physical address translation with 
the use of an on-chip Translation Lookaside Buffer (TLB). The 
translation lookaside buffer is in reality a lull Address Translation 
Cache (ATC) for address translation entries stored from tables in 
main memory. These entries, referred to as page table entries or 
PTEs, contain the mapping information used by the MMU to 
translate the virtual addresses. Addresses presented to the MMU 
for translation are compared against the set of PTEs stored in the 
TLB. All entries in the TLB are simultaneously accessed through 
the use of advanced Content Addressable Memory (CAM) tech- 
nology. If a match for the virtual address and context is found in 
a valid TLB entry and the access protection is not violated, a TLB 
hit occurs and the address is translated. A virtual address and con- 
text that matches a valid TLB entry but violates the memory ac- 
cess protections will cause the CY7C605 to generate a memory ex- 
ception to the CY7C601. If the TLB entries do not match the 
address and context, or the TLB entry is invalid, then a TLB miss mh 
occurs. The MMU responds to the TLB miss by initiating a table ES 
walk to find the correct PTE stored in main memory for the virtual 
address. 

The MMU uses a tree-structured table walk algorithm to find 
page table entries not found in the TLB. The table walk is a 
search through a series of tables in main memory for the PTE cor- 
responding to a virtual address. The table walk uses a series of 
four tables. These tables are: the context table, the level 1 table, 
the level 2 table, and the level 3 table. The table walk uses the 
context pointer register as a base register and the context number 
as a offset to point to an entry in the context table. At any address, 
the MMU finds either a PTE, which terminates its search, or a 
page table pointer (PTP). A PTP is a pointer used in conjunction 
with a field in the virtual address to select an entry in the next level 
of tables. The table walk continues searching through levels of 
tables as long as PTPs are found pointing to the next table. The 
table walk terminates when a PTE is found, or an exception is gen- 
erated if a PTE is not found after accessing the level 3 table. An 
exception is also generated if the table walk finds an invalid or re- 
served entry in the page tables. 

Upon finding the PTE, the CY7C605 stores it in an available TLB 
entry and translates the corresponding virtual address. The table- 
walk processing is implemented in the CY7C605 hardware. It is 
self-initiated, and is transparent to the user. 


The cache controller provides cache memory access control for 
a 64-kbyte direct mapped virtual cache. The cache controller per- 


Memory Management Unit 


Cache Controller 
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forms this task by comparing memory accesses against the address 
and status entries in a cache tag memory. The CY7C605 provides 
two separate cache tag memories for access comparison. Cache 
memory accesses from the processor are compared against the 
Processor Virtual cache TAG (PVTAG) memory. Bus snooping 
operations are compared against the Mbus Physical cache TAG 
(MPTAG) memory. The use of two cache tag memories allows 
the cache controller to service processor cache accesses concur- 
rently with bus snooping cache tag accesses. This feature of the 
CY7C605 provides significant performance improvements over 
cache systems sharing a single cache tag memory between the pro- 
cessor cache access and the bus snooping operations. Single cache 
tag systems typically must stall the processor when a bus snooping 
operation is required, causing serious performance degradation. 


The cache controller is designed to use two CY7C157 cache 
RAMs for the cache memory. These cache RAMs are 16-kbyte 
x 16 SRAMs with on-chip address and data latches and timing 
control. Two CY7C157s and one CY7C605 comprise an entire 
64-kbyte cache system with physical bus interface and read and 
write buffers. 

The cache is organized as 2048 cache lines of 32 bytes each. The 
CY7C605 has 2048 cache tag entries in both the PVTAG and 
MPTAG, one entry in each cache tag memory per cache line. Ad- 
dressing for the virtual cache is provided directly from the virtual 
address bus. The virtual address field (VA(15:5)) selects one of 
the 2048 lines of the cache. This address field also selects the 
cache tag entry in the PVTAG dedicated to the selected cache 
line. A cache hit occurs when the upper sixteen bits of the virtual 
address and the context register match with the virtual address 
and context stored in the selected cache tag entry in PVTAG. The 
lowest five bits of the virtual address bus (VA(4:0)) select one of 
the 32 bytes in the cache line. Cache data replacement is always 
performed by replacing cache lines. 

The cache is designed to provide data with every read access as- 
serted on the virtual bus, regardless of the cache controller. The 
CY7C605 controls cache read access by halting the CY7C601 if 
a cache hit is not detected by the cache controller. The cache con- 
troller then reads the new cache line from main memory, and sup- 
plies the correct data to the CY7C601. After the co rrect data is 
latched into the CY7C601 by strobing the MDS signal, the 
CY7C601 is released and execution proceeds normally. 

Writes to the cache are controlled by the CY7C605, which de- 
codes the lowest two bits of the virtual address, the SIZE(1:0) sig- 
nal, and checks for a cache hit to enable the correct cache byte 
write enable sign als. If a cache write hit occurs, the CY7C605 de- 
codes the correct CBWE signals for the write access, and outputs 
these to the CY7C157 cache RAM write enables. If the cache 
mode is set to write-through (see Cache Modes), the write data 
is also written to main memory. If a write cache miss occurs for 
write-through cache mode, the data is written to main memory 
and the cache is not updated. If the write cache miss occurs during 
copy-back cache mode (see Cache Modes), the cache line is 
fetched from main memory. If the cache line stored in the cache 
when the write cache miss occurred has been modified, the old 
cache line is written to main memory before the cache line is re- 
placed by the new data. After the cache line has been replaced, 
the write access is enabled by the CY7C605. 

Cache Tag 

TheCY7C605 features two separate cache tag arrays: the proces- 
sor virtual cache tag memory (PVTAG) and the Mbus physical 
cache tag memory (MPTAG). Cache controllers using only one 


cache tag array must delay the processor when bus snooping re- 
quires access to the cache tags. The inclusion of two independent 
cache tag memories allows the CY7C605 to support processor ac- 
cesses to cache while simultaneously performing bus snooping on 
the Mbus. 

Cache Modes 

The cache can be programmed for either write-through with no 
write allocate or copy-back with write allocate. The two cache 
modes differ in how they treat cache write accesses. 
Write-through cache mode causes write hits to the cache to be 
written to both cache and main memory. Write-through write 
cache misses will only update main memory and invalidate the 
cache tag, but will not modify the cache. 

A write access in copy-back mode will modify the cache only. The 
writing of the modified cache line to main memory is deferred un- 
til the cache line is no longer required. Copy-back cache mode 
has the advantage of reducing traffic on the system bus. Bus traf- 
fic is reduced since all updates to memory are deferred and are 
subsequently performed only as absolutely required. In addition, 
all such data transfers are made utilizing the more efficient burst 
mode. The following describes the two cache modes in detail. 


Write-through mode with no Write Allocate 

For write-through cache mode, write access cache hits cause both 
the cache and main memory to be updated simultaneously. A 
write access cache miss causes only main memory to be updated 
(no write allocate). The selected cache line is invalidated for a 
write access cache miss. Write-through caching mode normally 
requires a processor to delay during a write miss while the data 
is written to main memory. The CY7C605 provides write buffers 
to prevent this delay in most cases. The write buffers store the 
write access and write the data to main memory as a background 
task. 

During read access cache hits, the cached data is read out and 
supplied to the CY7C601. In the case of a read access cache miss, 
a cache line is fetched from main memory to load into the cache 
and the required data is supplied to the CY7C601. 

Copy-back mode with Write Allocate 

When the cache is configured for copy-back mode, only the cache 
is updated on write access cache hits (i.e., main memory is not up- 
dated). The modified bit of the cache tag for the cache line is set 
on a copy-back write access (write hit or after a write miss is cor- 
rected). During write access cache misses, if the selected cache 
line is clean (not modified), a cache line is fetched from main 
memory to load into the cache and only the cache is updated. If 
the selected cache line is modified, the selected cache line is 
flushed out to update main memory. The CY7C605 
simultaneously fetches the new cache line from main memory and 
stores it into the read buffer as it flushes the modified cache line 
from the cache and stores it into its write buffer. After the modi- 
fied cache line has been flushed, the CY7C605 writes the modified 
cache line out of its write buffer into main memory while the new 
cache line is stored into the cache memory from the read buffer. 

During read access cache hits, the cached data is read out and 
supplied to the CY7C601. During read access cache misses, if the 
selected cache line is clean (not modified), a cache line is fetched 
from main memory to load into the cache. If the selected cache 
line is modified, the selected cache line is flushed out to the 
CY7C605 write buffer, and a new cache line is fetched from main 
memory and stored into the read buffer. The new cache line is 
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then stored in the cache from the read buffer, while the modified 
cache line stored in the write buffer is written out to main memory. 

Multiprocessing Support 

The CY7C605 is specifically designed to support multiprocessing 
systems. The CY7C605 accomplishes this by providing features 
necessary to maintain cache coherency with a second-level 
memory system (typically main memory or a secondary cache) 
and other caching systems on the shared bus. 

The CY7C605 supports two modes of caching: write-through and 
copy-back. Write-through caching mode modifies main memory 
with each write access to the cache. This avoids the issue of lack 
of coherency between the individual cache systems and main 
memory, but greatly increases memory bus traffic. The effect of 
this increased bus traffic is a degrading of the performance of a 
multiprocessor system as the processing nodes compete for 
memory bus bandwidth. This problem is greatly reduced when 
copy-back caching mode is used. 

Copy-back mode holds all changes to a cache line until the line 
is flushed from the cache. This minimizes bus traffic to only those 
transactions necessary to maintain the cache. However, by allow- 
ing the cache line to be modified without updating main memory, 
a problem arises when other processing nodes require an up-to- 
date copy of that memory location. The problem of modified 
cache lines is solved by the enforcement of a cache coherency pro- 
tocol. 

The CY7C605 implements a cache coherency protocol specified 
by the SPARC reference standard Mbus level-2 interface. This 
protocol is modeled after that used by the IEEE Futurebus. In 
this protocol, each cache line is described by one of five states: 
Invalid (I), Exclusive Clean (EC), Exclusive Modified (EM), 
Shared Clean (SC), and Shared Modified (SM). The following de- 
scribes these five cache states: 

Invalid (I): Cache line is not valid. 

Exclusive Clean (EC): Only this cache module has a valid copy of 
this cache line, other than the next level of memory (main 
memory or secondary cache). No other cache module on the 
same level of memory has a valid copy of this cache line. 

Exclusive Modified (EM): Only this cache module has a valid copy 
of this cache line. This cache module is the OWNER of the cache 
line, and has the responsibility to update the next level of memory 
(main memory or secondary cache) and also to supply data if any 
other cache references this memory location. 

Shared Clean (SC): The same cache line may exist in more than 
one cache module. The next level of memory may or may not con- 
tain a valid copy of this cache line, depending upon whether this 
cache line has been modified in any other cache. 

Shared Modified (SM): The same cache line may exist in more 
than one cache module, but this cache module is the OWNER of 
the cache line. The next level of memory does not have a valid 


copy of this cache line, and this cache module has the responsibil- 
ity to update the next level of memory and to supply any other 
cache that may reference this same memory location. 

These five states are described by three state bits (Valid (V), 
Shared (SH), and Modified(M)) in each MPTAG cache tag entry. 
The PVTAG cache tag entries corresponding to the same cache 
lines can be in one of two states: Valid (V) and Invalid (I). 

Under write-through cache mode, only the valid and invalid states 
apply to either the MPTAG or PVTAG cache tag entries. The 
shared and modified bits in the MPTAG are ignored by the 
CY7C605 when in write-through mode. 

CY7C605 Registers 

All values in all control registers are read/write (with the excep- 
tion of the implementation and version fields of the SCR). Con- 
trol registers are accessible by use of the alternate space load or 
store instructions with ASI = 4. 


System Control Register (SCR) 

The system control register, as shown in Figure 2, defines the op- 
eration modes for the cache controller and MMU. The following 
describes the functions of the bit fields in the SCR. 

IMPL, VER— The implementation number (SCR(31:28)) and the 
version number (SCR(27:24)) fields are hardwired; they are read 
only fields and writes to those fields are ignored. 

Implementation number field: 0001 
Version number field: 1111 

MID(3:0)— Module Identification number (SCR(18:15)) identifies 
the processor module during transactions on the Mbus. This four- 
bit module identification number is embedded in the Mbus ad- 
dress phase of all Mbus transactions initiated by the CY7C605. 

BM— Boot-mode bit (SCR(14)) indicates the system is in boot 
mode. This bit is set to 1 to indicate boot mode. This bit is auto- 
matically set upon power-on reset. 

C —Cacheable bit (SCR(13)) indicates whether the access is cache- 
able or not when the MMU is disabled. This bit is set to 1 if ac- 
cesses on the physical bus (with the MMU disabled) are to be con- 
sidered cacheable. 

MR— Memory Reflection (SCR(ll)) indicates whether the main 
memory system on the Mbus supports memory reflection. MR 
affects the status of the MTAG cache tag bits. 

CM -Cache-mode bit (SCR(10)) indicates whether the cache is 
operating under write-through no write allocate policy or 
copy-back write allocate policy. This bit is set to 1 to enable 
copy-back cache mode. Setting this bit to 0 will enable 
write-through cache mode. 



IMPL 

VER 

RSV 

MID(3:0) 


RSV 

BSE31 


31 28 27 24 23 19 18 15 14 13 12 11 10 9 8 7 2 1 0 

IMPL = Specific Implementation of the MMU MR = Memory Reflection 

VER = Version of Specific Implementation (typically mask revision) CM = Cache Mode 
M ID(3:0) » Module Identifier (3:0) CE = Cache Enable 

BM - Boot Mode NF = No Fault 

C - Cacheable (when MMU disabled) ME = MMU Enable 

RSV = Reserved 

Figure 2. System Control Register (SCR) 
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CE— Cache-enable bit (SCR(8)) indicates whether the virtual 
cache is enabled or not. This bit is set to 1 to enable the cache 
controller. 

NF -No-fault bit (SCR(l)) prevents supervisor data accesses from 
signaling data faults to the CY7C601. When the NF bit is set, ex- 
ception-generating logic (in both the TLB and the table walk) 
does no t indicate supervisor data faults to the CY7C601 (via 
MEXC), but status and address information is recorded in the 
SFSR and SFAR registers as in normal data access operations. 
When the NF bit is not set, the CY7C605 reports the supervisor 
data exceptions. 

ME— MMU-enable bit (SCR(0)) indicates whether the MMU is 
enabled or not. This bit is set to 1 to enable the MMU. 

On power-on reset, all writeable control bits except the BM bit 
are cleared. This sets the CY7C605 into the following state: cache 
disabled (CE = 0), write-through mode (CM = 0), non-cacheable 
(C = 0), boot-mode enabled (BM = 1), no fault disabled (NF = 
0), and MMU disabled (ME = 0). 

Context Table Pointer Register (CTPR) 

The context table pointer points to the context table in physical 
memory. The table is indexed by the contents of the context regis- 
ter. The context table pointer appears on bits 35 through 14 of 
the Mbus (MAD(35:14)) during the first fetch of TLB miss pro- 
cessing. Once the root pointer is cached in the PTPC (page table 
pointer cache), no fetching of the root pointer is required until the 
context is changed (see Figure 3). 



31 10 9 0 

CTP = Context Table Pointer 
RSV = Reserved 


Figure 3. Context Table Pointer Register 
Context Register (CXR) 

The context register defines a virtual address space associated 
with the current process. The CXR is a twelve-bit register that 
supports 4096 contexts. This register is used to define the current 
context for the CY7C605. Nearly all CY7C605 operations are de- 
pendent upon matching the value of this register to a cache tag 
entry or TLB entry. 



31 12 11 0 

CXN = Context Number 
RSV = Reserved 


Figure 4. Context Register 



RSV = Reserved 
WDR = Watchdog Reset 
SIR = Software Internal Reset 
SER = Software External Reset 

Figure 5. Reset Register 


Root Pointer Register (RPR) 

The RPR is the context level table Page Table Pointer (PTP) and 
is cached in the page table pointer cache. 



31 6 5 10 

RP = Root Pointer 
RSV = Reserved 
V = Valid 

Figure 6. Root Pointer Register 

On power-on reset, the V bit is cleared. When the current context 
is changed by writing to the Context Pointer Register (CXR), the 
V bit of the RPR is cleared. The V bit is also cleared when the 
CTPR register is written. 

Instruction access PTP (IPTP) 


The IPTP is the instruction access level 2 table Page Table Pointer 
(PTP) and is part of the page table pointer cache. On power-on 
reset, the V bit is cleared. 



31 4 3 10 

IPTP = Instruction Access PTP 

RSV = Reserved 
V = Valid 

Figure 7. Instruction Access PTP Register 
Data access PTP (DPTP) 


The DPTP is the data access level 2 table Page Table Pointer 
(PTP) and is a register in the page table pointer cache. On pow- 
er-on reset, the V bit is cleared. 



31 4 3 10 


DPTP = Data Access PTP 
RSV = Reserved 
V = Valid 


Reset Register (RR) 

The RR register contains information regarding whether Watch 
Dog Reset (WDR), Software Internal Reset (SIR) or Software Ex- 
ternal Reset (SER) occurred. This is a read/write register, and set- 
ting the Software Internal Reset bit (SIR) or the Software Exter- 
nal Reset (SER) causes the corresponding reset. On power-on 
reset, the WDR, SIR, and SER bits in the RR will be cleared. 
Reading the RR will also clear these bits. 


Figure 8. Data Access PTP Register 
Index Tag Register (ITR) 

The ITR contains the tag (indexl and index2) fields of the IPTP 
and DPTP entries. 
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31 
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RSV = Reserved 

ITAG = Instruction Access PTP Tag 
DTAG = Data Access PTP Tag 

Figure 9. Index Tag Register 


Address Register (SFAR) is a valid fault address. The Over-Write 
bit (OW) is set in the case of a double fault where the fault status 
stored in the SFSR does not correspond with the fault first 
trapped on by the CY7C601. 

Synchronous Fault Address Register (SFAR) 

The synchronous fault address register contains the faulted virtu- 
al address. 


TLB Replacement Control Register (TRCR) 

The TRCR contains the Replacement Counter (RC) and Initial 
Replacement Counter (IRC) fields as shown in Figure 10. These 
fields are used in order to support random replacement and to 
support locking capabilities of the TLB. On power-on reset, both 
the RC and IRC fields are initialized to zero. 


SFA 


31 0 

SFA = Synchronous Fault Address 

Figure 12. Synchronous Fault Address Register 


RSV 

RC 

RSV 

IRC 

31 14 

13 8 

7 6 

5 0 


RSV = Reserved 

RC = Replacement Counter 

IRC = Initial Replacement Counter 

Figure 10. TLB Replacement Control Register 


Synchronous Fault Status Register (SFSR) 

The synchronous fault status register, illustrated in Figure 11, con- 
tains fault-associated information for synchronous faults. Syn- 
chronous faults are faults that occur during an integer unit access 
of memory. Synchronous faults include almost all possible faults 
for the CY7C605. This type of fault is synchronous to the opera- 
tions of the CY7C601. For the CY7C605, this fault type covers 
all cases except those caused by delayed writes of data stored in 
the write buffers. These faults are asynchronous to the operation 
of the CY7C601, and are named asynchronous faults. 

An example of a synchronous fault is a privilege violation fault 
caused by attempting an unauthorized memory access. U pon en- 
countering a syn chronous f ault, the C Y7C605 asserts the MEXC 
signal, along with MHOLD and M DS. Sync hronous faults are the 
only exception type that assert the MEXC signal. 

The uncorrectable error (UE), timeout error (T O), and bus error 
bits (BE) rep ort error status as encoded in the MERR, MRTY, 
and MRDY signals. (Refer to the section on Mbus for further in- 
formation.) The level bits (L) describe the level in a table walk 
process at which the fault occurred (if applicable). 


RSV 

|uc| 
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BE 
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I AT 1 
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31 
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109 
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RSV = Reserved 
UC = Uncorrectable Error 
TO = Time Out Error 
BE = Bus Error 


L = Level 
AT = Access Type 
FT = Fault Type 
FV = Fault Address Valid 
OW = Overwrite 


Figure 11. Synchronous Fault Status Register 


Asynchronous Fault Status Register (AFSR) 

Asynchronous faults are those faults caused by a delayed memory 
access initiated by the CY7C605. This type of error can only be 
caused by a delayed write to main mem ory initia ted by the write 
buffer. Asynchronous faults cause the CMER signal to be as- 
serted, which can be used as an interrupt to the CY7C601. 

The UC, TO, and BE bits are identical to those in th e SFSR . 
They a re s et by th e information encoded into the MERR, 
MRTY, and MRDY signals of the Mbus. The asynchronous fault 
address bits provide the upper four bits of the physical address not 
captured in the Asynchronous Fault Address Register (AFAR), 
which is a thirty-two bit register. 


RSV 

El 

0 

BE 

RSV 

AFA(35:32) 
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31 13 
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RSV = Reserved BE = Bus Error 

UC = Uncorrectable Error AFA = Asynchronous Fault Address 

TO = Time Out Error AFO = Asynchronous Fault Occurred 

Figure 13. Asynchronous Fault Status Register 

The Asynchronous Fault Occurred bit (AFO) is set when an 
asynchronous fault is encountered. Once the Asynchronous Fault 
Occurred (AFO) bit is set, no further asynchronous faults are re- 
corded until the AFO bit is cleared, which is accomplished by 
reading the asynchronous fault address register (see Figure 13). 
On power-on reset, the UC, TO, BE, and AFO bits in the AFSR 
will be cleared. Reading the AFSR will also clear these bits. 

Asynchronous Fault Address Register (AFAR) 

The AFAR contains bits 31 - 0 of the physical address for a 
asynchronous faults (bus errors). Asynchronous faults can occur 
during delayed write accesses or during background cache line 
flush operations in copy-back mode (see Figure 14). The address 
in the AFAR is concatenated with the four AFA bits in the AFSR 
to define the entire 36-bit physical address. 


AFA 


31 0 


The access type bits (AT(2:0)) describes the access type that 
caused the fault. This field specifies user/supervisor access and 
whether the access is load or store of data or instruction. The fault 
address valid bit is set when the address in the Synchronous Fault 


AFA = Asynchronous Fault Address 
Figure 14. Asynchronous Fault Address Register 
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Figure 15. CY7C605 Pin Configuration 
Pin Definitions 

The functional pinout is shown in Figure 15. Note that all 
three-state output signals are driven to their inactive state before 
they are released to three-state. 


Virtual Bus Signals 


Virtual Bus Signals (continued) 


Signal 

Name 


ASI(5:0) 


D(31:0) 


ERROR 


FNULL 

INULL 


I/O Description 

I Address Space Identifiers. The ASI bits are 
used to: 

1. Identify various types of accesses (user/ 
supervisor, instruction/data) 

2. Access CY7C605 registers 

3. Initiate MMU flush/probe operation 

4. Identify cache flush operations 

5. Recognize diagnostic operations 

6. Recognize pass physical address space 

I/O Virtual Data bus. Three-state input/output 
signals. D(31:0) are input signals during 
CY7C601 normal write accesses, modified 
cache-line reads from the cache RAM, 
CY7C605 register writes, or CY7C605 diag- 
nostic accesses. They are output signals dur- 
ing cache line loads into cache RAM, 
CY7C605 register reads, or CY7C605 diag- 
nostic accesses. 

I Error (active low) signal from the CY7C601. 
When this signal is asserted, it indicates the 
CY7C601 has halted due to entering the er- 
ror state. The CY7C605 reads this signal 
and initiates a watchdog reset. 

I Floating point unit NULLification cycle (ac- 
tive high). When FNULL is active, the cur- 
rent access will be ignored. 

I Integer unit NULLification cycle (active 
high). When INULL is active, the current 
access will be ignored. 


Signal 

Name I/O Description 


A(31:16) 


A(15:2) 


A(1:0) 


I Virtual Address bus. A(31:16) are input sig- 
nals during normal read/write accesses and 
are latched into the CY7C605 on the rising 
edge of clock. 

I/O Virtual Address bus. Three-state input/out- 
put signals. A(15:2) are input signals during 
normal read/write accesses and are latched 
into the CY7C605 on the rising edge of the 
clock. They are output signals during cache 
line loads into the cache RAM and modified 
cache-line reads from the cache RAM. 

I Virtual Address bus. A(1:0) are input sig- 
nals during normal read/write accesses and 
are latched on the rising edge of clock. 


IOE 


IRST 

LDSTO 


O Integer unit Output Enable (active low). 

This signal is continually drive n high or low. 
This s ignal is connected to the AOE and 
DOE input s of t he CY7C601. When as- 
serted, the IOE will place the address 
(A(31:0)), address space identifiers 
(ASI(7:0)), and data (D(31:0)) drivers of the 
CY7C601 in a three-state condition. 

0 Integer unit Reset (active low) is asserted to 
reset integer unit. This signal is continually 
driven high or low. 

1 Load Store Atomic operation indicator (ac- 
tive high). Asserted by the CY7C601 during 
atomic load store cycles and is sampled by 
the CY7C605 on the rising edge of the 
clock. 
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Virtual Bus Signals 


Signal 

Name 

I/O 

Description 

MDS 

o 

Memory Data Strobe (active low) is asserted 
for one clock to strobe data into the 

CY7C601 during a cache miss. MHOLD 
must be low when MDS is asserted. It is 
driven off of the falling edge of the clock. 

This is a three-state output. 

MEXC 

0 

Memory Exception (active low) is asserted 
for one clock whenever a privilege or protec- 
tion violation is detected. MHOLD and 

MDS must be low when MEXC is asserted. 
This is a three-state output. 

MHOLD 

o 

Memory Hold (active low) is asserted by the 
CY7C605 whenever it requires additional 
time to complete the current access such as 
during cache miss etc. It is driven off of the 
falling edge of the clock. 

RD 

I 

Read cycle indicator (active high). Asserted 
by the CY7C601 during read cycles and is 
sampled by the CY7C605 on the rising edge 
of the clock. This signal is also used to gen- 
erate cache output enable (CROE). 

SIZE(1:0) 

I 

SIZE of access indicator. Specifies the data 
width of the CY7C601 access and is sampled 
by the CY7C605 at the rising edge of the 
clock. 

SNULL 

I 

System NULLification cycle (active high). 
When SNULL is active, the current access 
will be ignored. 

WE 

I 

Write Enable to indicate write cycle (active 
low). Asserted by the CY7C601 during 
write cycles and is sampled by the CY7C605 
on the rising edge of the clock. This signal is 
also used to generate cache byte write en- 
ables (CBWE(3:0)). 

Mbus Signals 

Signal 

Name 

I/O 

Description 

CMER 

O 

CMU Error (active low). This open-drain 
signal is asserted if any bus error has oc- 
curred during writes to main memory. A 
system can use this signal to cause an inter- 
rupt. This signal has the same timing specifi- 
cations as the Mbus control signals. 

MAD 

(63:0) 

I/O 

Mbus Address and Data (three-stated bus). 
During the address phase of a transaction 
MAD(35:0) contains the physical address 
PA(35:0). The remaining signals 

MAD(63:36) during the address phase of the 
transaction contains the transaction asso- 


dated information as shown below: 


Mbus Signals (continued) 


Signal 

Name 


MAS 


MBB 


I/O Description 


MADt 39:361 

Transaction Tvpe 

OH 

Mbus write 

1 H 

Mbus read 

2 H 

Coherent invalidate 

3 H 

Coherent read 

4 H 

Coherent write and 
invalidate 

5 H 

Coherent read and 
invalidate 

6-FH 

Reserved 

MAD/42-.401 

Transaction Sira 

0 

Byte (8 bits) 

1 

Halfword (16 bits) 

2 

Word (32 bits) 

3 

Doubleword (64bits) 

4 

16 Bytes* 

5 

32 Bytes 

6 

64 Bytes* 

7 

128 Bytes* 

* Not supported by the CY7C605. 


MAD(43) (MC) Mbus Cacheable (active 
high). Indicates the current Mbus transaction 
is cacheable. 

MAD(45) (MBL) Mbus Boot Mode/Local 
indicator. MBL is high during the address 
phase of boot mode transactions. The in- 
struction fetch and data accesses to the 
Mbus while the MMU is disabled in boot 
mode are considered BOOT MODE transac- 
tions. The data transactions on the Mbus 
required for load/store alternate instructions 
with ASI = 1 are considered LOCAL trans- 
actions. 

MAD(63:46) Reserved during address phase 
(driven high). 

During the data phase of the transaction the 
MAD(63:0) lines contain the 64 bits of data 
being transferred. 

I/O Mbus Address Strobe (active low). Asserted 
by the bus master during the first cycle of 
every bus transaction to indicate the address 
phase of that transaction. This signal is bidi- 
rectional on the CY7C605. 

I/O Mbus Bus Busy (active low) asserted by the 
current Mbus master during an entire trans- 
action and, if required, during both the read 
and write transactions of indivisible accesses. 
The p otential bus master devices sample 
MBB in order to obtain bus mastership as 
soon as the current master releases the bus. 
This is a three-state output. 
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Mbus Signals (continued) 

Signal 

Name I/O Description 

MBS I Mbus Bus Grant (active low). Asserted by 

external arbiter when the Mbus is granted to 
a master. This signal is continually driven. 

MBR O Mbus Bus Request (active low). Asserted by 

potential Mbus master devices to acquire bus 
mastership. This signal is continually driven. 

MERR I Mbus Error (active low). Asserted or de- 

asserted by an Mbus slave during every data 
phase of a transaction. This signal is to be 
three-stated when released. 

MIH I/O Memory INhibit (active low). Asserted by 

the CY7C605 for Mbus transactions where 
the cache owns the data that has been re- 
quested on the Mbus. This signal is moni- 
tored during bus snooping by the CY7C605. 

MRDY I/O Mbus Ready (active low). Asserted or de- 

asserted by an Mbus slave during every data 
phase of a transaction. This signal is as- 
serted by the CY7C605 during direct data 
intervention operations This signal is to be 
three-stated when released. 

MRST O Mbus Reset (active low). Asserted for 1024 

clock cycles by only one source on the Mbus 
to initialize all devices on the Mbus. This 
signal is continually driven. 

MRTY I Mbus Retry (active low). Asserted or de- 

asserted by an Mbus slave during every data 
phase of a transaction. This signal is to be 
three-stated when released. 


H 

H 

H 

Nothing 

H 

H 

L 

Relinquish 




and Retry* 

H 

L 

H 

Data 




Strobe 

H 

L 

L 

Reserved 

L 

H 

H 

Bus Error 

L 

H 

L 

Time Out 

L 

L 

H 

Uncorrect- 




able Error 

L 

L 

L 

Retry* 


* See section on Physical Bus (Mbus) 

MSH I/O Memory SHared (active low). Asserted by 

the CY7C605 after detecting a data request 
on the Mbus for which the CY7C605 has a 
copy. This signal is monitored by the 
CY7C605 during bus snooping. 

POR I Power-On Reset (active low). The POR ini- 

tializes all on-chip logic to a known state, 
invalidates all the TLB entries, and all cache 
tag entries. It must be asserted for a mini- 
mum of 8 clocks. I t also causes the 
CY7C605 to assert IRST to reset the 
CY7C601. 


Cache RAM Signals 

Signal I/O Description 

Name 

CBWE O Cache Byte Write Enables (active low). 

(3:0) During normal write operations, certain byte 

enable signals are asserted depending upon 
the size and A(1:0) inputs. During a cache 
line load all four byte enable signals are as- 
serted. These signals can also be driven by 
using a store alternate instruction with ASI 
= F H. This feature is supported for diag- 
nostic purposes. This out put is con tinually 
driven (not three-stated). CBWEO c ontrols 
the most significant byte (MSB) and CBWE3 
controls the least significant byte (LSB). 

CROE O Cache RAM Output Enable (active low). 

Asserted during normal read operations with 
ASI = 8, 9, A, B and during modified cache 
line read operations. This signal is also as- 
serted during cache data read operations 
with ASI = F for diagnostic purposes. This 
signal is continually driven. 

Miscellaneous Signals 

Signal I/O Description 

Name 

CLK I System Clock. This is the same clock used 

by the 7C601 integer unit. 

TOE I Test Output Enable (active low). This signal 

is used (when high) to thr ee-sta te all output 
drivers of the CY7C605. TOE SHOULD 
BE TIED LOW DURING NORMAL OP- 
ERATION. It is used to isolate the 
CY7C605 from the rest of the system for 
debugging purposes. 
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Features 

• SPARC® processor optimized for 
embedded control applications 

• Reduced Instruction Set Computer 
(RISC) architecture 

— Simple format instructions 
— Most instructions execute in a 
single cycle 

• Very high performance 

— 40-ns instruction cycle with 
4-stage pipeline 

— 18 sustained MIPS at 25 MHz 

— 240-ns worst-case interrupt re- 
sponse 


• 136 32-bit registers 

— Eight overlapping windows of 24 
registers each 

— Dividing registers into seperate 
register banks allows fast context 
switching 

— 8 global registers 

• Hardware pipeline interlocks 

• 16 prioritized interrupts levels 

• Large address space 

— 24-bit address space 

— 3-bit address space indentifier 

• Multitasking support 

— User/supervisor modes 


— Privileged instructions 

• Artificial intelligence support 

• Multiprocessing support 

• High-performance floating-point pro- 
cessor interface 

— Concurrent execution of float- 
ing-point instructions 

• 0.8-micron 2-layer metal CMOS 
technology 

• 160-pin quad flat package 

• Power 

— 3 watts maximum 


Logic Block Diagram 
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Overview 

The CY7C611 controller is a high-speed CMOS implementation 
of the SPARC 32-bit RISC architecture processor optimized for 
embedded control applications. RISC architecture makes possible 
the creation of a processor which can execute instructions at a rate 
of one instruction per processor clock. The CY7C611 supports a 
tightly-coupled floating-point coprocessor capable of executing at 
a rate of 4-5 MFLOPS. The CY7C611 SPARC controller provides 
the following features: 

Simple instruction format. All instructions are 32 bits wide and 
aligned on 32-bit boundaries in memory. Three basic instruction 
formats feature uniform placement of opcode and address fields. 

Register intensive architecture. Most instructions operate on 
either two registers or one register and a constant, and place the 
result in a third register. Only load and store instructions access 
off-chip memory. 

Large windowed register file. The processor has 136 on-chip 
32-bit general purpose registers. Eight of these are global registers. 
The remaining 128 registers can be configured as four separate 
non-overlapping register banks or as eight overlapping sets of 24 
registers each. The first configuration allows for extremely fast 
context switch times and the second provides for very low overhead 
procedure calls. The actual configuration and use of the registers 
is determined by the user’s application. 

Delayed control transfer. The processor always fetches the next 
instruction after a control transfer, and either executes it or annuls 
it depending on the state of a bit in the control transfer instruction. 
This feature allows compilers to rearrange code to place a useful 
instruction after a delayed control transfer and thereby take better 
advantage of the processor pipeline. 

Concurrent floating point. Floating-point instructions can 
execute concurrently with each other and with non-floating-point 
instructions. 

Fast interrupt response. Interrupt inputs are sampled on every 
clock cycle and can be acknowledged in one to three cycles. The 
first instruction of an interrupt service routine can be executed 
within six to eight cycles of receiving the interrupt request. 

The 7C600 Family 

The SPARC processor family consists of the CY7C601 and 
CY7C611 integer units and the CY7C602 floatingpoint unit. The 
CY7C601 and CY7C611 integer units are a high-speed 
implementation of the SPARC architecture, and are binary 
compatible with all SPARC processors. The CY7C602 is a 
high-performance floating-point unit that allows floating-point 
instructions to execute concurrently with the CY7C601 or the 
CY7C611. 

The CY7C611 is designed for embedded control and application 
specific systems. The CY7C611 communicates with external 
memory via a 24-bit address bus and a 32-bit data/instruction bus. 
In many dedicated controller applications, the CY7C611 can 
function by itself with high-speed local memory. The CY7C611 
retains the signals supplied on the CY7C601 for discrete 
implementations of cache systems. The CY7C157 cache RAM 
can be used with the CY7C611 to provide a zero wait-state memory 
system with no glue logic. The CY7C289 registered PROM 
(available 1st quarter 1990) provides a zero wait-state PROM 
memory for most accesses and requires no glue logic for 
interfacing to the CY7C611. 


Floating-Point Coprocessor Interface 

The CY7C611 is the basic processing engine which executes all of 
the instruction set except for floating-point operations. The 
CY7C602 and CY7C611 operate concurrently. The CY7C602 
recognizes floating-point instructions and places them in a queue 
while the CY7C611 continues to execute non-floating point 
instructions. If the CY7C602 encounters an instruction which will 
not fit in its queue, the CY7C602 holds the CY7C611 until the 
instruction can be stored. The CY7C602 contains its own set of 
registers on which it operates. The contents of these registers are 
transferred to and from external memory under control of the 
CY7C611 via floating-point load/store instructions. Processor 
interlock hardware hides floating-point concurrency from the 
compiler or assembly language programmer. A program 
containing floating-point computations generates the same results 
as if instructions were executed sequentially. 

Multitasking Support 

The CY7C611 supports a multitasking operating system by 
providing user and supervisor modes. Some instructions are 
privileged and can only be executed while the processor is in 
supervisor mode. Changing from user to supervisor mode requires 
taking a hardware interrupt or executing a trap instruction. 

Interrupts and Traps 

The CY7C611 supports both asynchronous traps (interrupts) and 
synchronous traps (error conditions and trap instructions). The 
occurrence of a trap causes the CY7C611 to fetch the beginning 
address of the trap routine from a trap table. The base address of 
the trap table is specified by a trap base register and the offset is 
a function of the trap type. After fetching the trap routine address, 
program control jumps to the trap routine. Traps are taken before 
the current instruction is executed and can therefore be considered 
to occur between instructions. 

Registers 

The following sections provide an overview of the CY7C611 
registers. The CY7C611 has two types of registers; working 
registers (r registers), and control registers. The r registers provide 
storage for processes, and the control registers keep track of and 
control the state of the CY7C611. 

Special r Registers. The utilization of four r registers is partially 
fixed by the instruction set. Global register r[0] is dummy register; 
it returns the value “0” when it is used as a source register, and it 
is not modified when used as a destination register. This feature 
makes the most common value easily available and eliminates the 
need for a clear register instruction. Another r register fixed by 
the instruction set is r[15]. Upon executing a CALL instruction, 
the address of the CALL instruction is written into r[15]. Upon 
entering a trap routine, registers r[17] and r[18] contain the PC and 
nPC. 

r Register Addressing, r registers r8 through r31 are addressed 
internally using the register number and current window pointer 
(C WP) field of the processor status register (PSR; see next section). 
The CWP is essentially an index field for r register addressing, and 
acts as a pointer to a group of 24 registers. Figure 1 illustrates r 
register addressing using the CWP. Incrementing or decrementing 
the CWP changes the register offset by 16, thereby causing the 
register addressing to overlap by eight registers. This allows r24 
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through r31 of the current window to act as r8 through rl5 of the 
next window. Registers rO through r7 do not use the CWP to 
address them, therefore they are global in nature. 

The Window Invalid Mask register (WIM) is used to disallow 
selected CWP values. Each bit of the least significant byte of the 
WIM register corresponds to a register window or CWP value. 
Incrementing or decrementing the CWP to a window invalidated 
by the WIM register causes the CY7C61I to cause a window 
underflow or window overflow trap. This is used in a register 
window environment to set the boundaries for software. The 
WIM register can also be used to set boundaries for register banks 
in a bank switching environment. 

CY7C611 Control Registers. The CY7C611’s control registers 
contain various addresses and pointers used by the system to 
control its internal state. They include the Program Counters (PC 
and nPC), the Processor State Register (PSR), the Window Invalid 
Mask register (WIM), the Trap Base Register (TBR), and the Y 
register. The following paragraphs briefly describe each: 

Processor Status Register (PSR). The processor status register 
contains fields that describe and control the state of the CY7C611. 
Figure 2 illustrates the bit assignments for the PSR. 

IIJ Implementation and IU Version Numbers. These are read-only 
fields in the PSR. The version number is set to “0001” and the 
implementation number is set to binary “0011”. 

Integer Condition Codes. The integer condition codes consist of 
four flags: negative, zero, overflow, and carry. These flags are set 


by the conditions occurring during integer logic and arithmetic 
operations. 

Enable Floating-Point Unit (EF bit). This bit is used to enable the 
floating-point unit. If a floating-point operation (FPop) is 
encountered and the EF bit is cleared (i.e., FPU disabled), a 
floating-point disabled trap is generated. 

Processor Interrupt Level (PIL). This four bit field sets the 
CY7C611 interrupt level. The CY7C611 will only acknowledge 
interrupts greater than the level indicated by the PIL field. Bit 11 
is the MSB; bit 8 is the LSB. 

Supervisor Mode (S). S = 1 indicates that the CY7C611 is in 
supervisor mode. Supervisor mode can only be entered by a 
software or hardware trap. 

Previous Supervisor Mode (PS). This bit indicates the state of the 
supervisor bit before the most recent trap. 

Trap Enable (ET). This bit enables or disables the CY7C611 traps. 
This bit is automatically set to 0 (traps disabled) upon entering a 
trap. When ET = 0, all asynchronous traps are ignored. If a 
synchronous trap occurs when ET = 0, the CY7C611 enters error 
mode. 

Current Window Pointer (CWP). The r registers are addressed by 
the Current Window Pointer (CWP), a field of the Processor Status 
Register (PSR) that points to the 24 active local registers. It is 
incremented by a RESTORE instruction and decremented by a 
SAVE instruction. Note that the globals are always accessible 
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regardless of the CWP. In the overlapping configuration each 
window shares its ins and outs with adjacent windows. The outs 
from a previous window (CWP + 1) are the ins of the current 
window, and the outs from the current window are the ins for the 
next window (CWP -1). In both the windowed and register bank 
configurations globals are equally available and the locals are 
unique to each window. 



Figure 2. Processor State Register 


Program Counters (PC and nPC). The Program Counter (PC) 
holds the address of the instruction being executed, and the Next 
Program Counter (nPC) holds the address of the next instruction 
to be executed. 

TVap Base Register (TBR). The trap base register contains the 
base address of the trap table and a field that provides a pointer 
into the trap table. 


Reserved 

Trap Base Address 

Trap Type (tt) 

Reservec 

9 

11 

8 

1 4 1 


31 23 22 12 11 4 3 0 


Figure 3. TVap Base Register 


Window Invalid Mask Register (WIM). The window invalid m ask 
register determines which windows are valid and which window 
accesses cause window_overflow and window_underflow traps. 


Window 0 
Window 1 — 

Window 2 
Window 3 


Etc. 


1 


Reserved 

0 

0 

0 

0 

0 

0 

□ 

0 


31 


Figure 4. Window Invalid Mask 

Y register. The Y register is used to hold the partial product 
during execution of the multiply-step instruction (MULSCC). 


Pin Description 

The integer unit’s external signals fall into three categories: 

1. memory subsystem interface signals, 

2. floating-point unit interface signals, and 

3. miscellaneous I/O signals. 

These are described in the following sections. Paragraphs after the 
tables describe each signal. Signals that are active LOW are 
mar ked with an overbar, • all others are active HIGH. For example, 
WE is active LOW, while RD is active HIGH. 

Memory Subsystem Interface Signals 

The memory interface signals consist of 27 bit of address (24 bits 
of address and a three-bit address space identifier), 32 bits of 
bidirectional data lines, and two bits to identify the size (byte, 
halfword, word, or double word) of data bus transactions. 

A[23:0]— These 24 bits are the addresses of instructions or data 
and they are sent out ’’unlatched” by the CY7C611. Assertion of 
the MAO signal during a cache miss will force the integer unit to 
put the previous ( missed) address on the address bus. A[23:0] pins 
are tristated if the TOE signal is deasserted. 

ASI[2:0]— These three bits are the address space identifier for an 
instruction or data access to the memory. ASI[2:0] are sent out 
’’unlatched” by the integer unit. The value on these pins during any 
given cycle is the address space identifier corresponding to the 
memory address on the A[23:0] pins at that cycle. Assertion of the 
MAO signal during a cache miss will force the integer unit to put 
the previous address spa ce iden tifier on the ASI[2:0] pins. ASI[2:0] 
pins are tri-stated if the TOE signal is deasserted. Normally, the 
encoding of the ASI bits is as shown in Table 1. The remaining 
codes are software generated. 


Address Space Identifier (ASI) 

Address Space 

000 

User Instruction 

010 

User Data 

001 

Supervisor Instruction 

Oil 

Supervisor Data 


Table 1. ASI Bit Assignment 


D[31:0]— D[31:0] is the bidirectional data bus to and from the 
integer unit. The data bus is driven by the integer unit during the 
execution of integer store instructions and the store cycle of atomic 
load/store instructions. Similarly, the data bus is driven by the 
floating-point unit only during the execution of floating-point 
store instructions. The store data is sent out unlatched and must 
be latched externally before it is used. Once latched, store data 
is valid during the second data cycle of a store single access, the 
second and third data cycle of a store double access, and the third 
data cycle of an atomic load store access. The alignment for load 
and store instructions is done inside the processor. A double word 
is aligned on an eight-byte boundary, a word is aligned on a 
four-byte boundary, and a half word is aligned on a two-byte 
boundary. D(3 1) corresponds to the most significant bit of the least 
significant byte of the 32-bit word. If a double-word, word, or half- 
word load or store instruction generates an improperly aligned 
address, a memory address not aligned trap will occur. 
Instructions and operands are always expected to be fetched from 
a 32-bit wide memory. 
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SIZE[1:0]. These two bits specify the data size associated with a 
data or instruction fetch. Size bits are sent out “unlatched” by the 
CY7C611. The value on these pins at any given cycle is the data 
size corresponding to the memory address on the A[23:0] pins in 
that cycle. SIZE[1:0] remains valid on the bus during all data 
cycles of loads, stores, load_doubles, store_doubles and atomic 
load stores. Since all instructions are 32-bits long, SIZE[1:0] is set 
to ”10” during all instruction fetch cycles. Encoding of the 
SIZE[1:0] bits is shown in Table 2. 


SIZE1 

SIZEO 

Data TVansfer Type 

0 

0 

Byte 

0 

1 

Halfword 

1 

0 

Word 

1 

1 

Word (Load/Store Double) 


Table 2. Size Bit Assignment 


MH OLDA or MH OLDB. The processor pipeline will be frozen 
while MHOLDA is asserted and the CY7C611 outputs will revert 
to and maintain t he value they had at the r ising edge of the clock 
in the cycle before MHOLDA was asserted. MHOLDA is used to 
freeze the clock to both the Integer and floating-point units during 
a cache miss (for systems with cache) or when a slow memoiy is 
accessed. This signal must be presented to the processor chip at 
the beginning of each processor clock cycle and b e stable dur ing 
the high ti me of the processor clock. Either MHOLDA or 
MHOLDB can be used for stopping the processor during a cache 
miss or mem ory exception. MHOLDB has the same definition as 
MHOLDA. The pr ocessor hardware uses the logic al ”OR” o f all 
hold signals (i.e., MHOLDA, MHOLDB, and BHOLD) to 
generate a final hold signal for freezing the processor pipeline. All 
HOLD signals are latched (transparent latch) in the CY7C611 
before they are used. 

BHOLD. BHOLD is asserted by the I/O controller when an 
external bus master requests the data bus. Assertion of this signal 
will freeze the processor pipeline. External logic should guarantee 
that after deassertion of BHOL D, the dat a at all inputs to the chip 
is the same as what it was before BHOLD was asserted. This signal 
must be presented to the processor chip at the beginning of each 
processor clock cycle and be stable during the hi gh time o f the 
processor clock since the CY7C611 processes the BHO LD input 
through a transparent latch before it is used. BHOLD should be 
used o nly for bus a ccess requests by an external device since the 
MDS and MEX C signals are not recognized while this input is 
active. BHOLD should not be deasserted while LOCK is asserted. 

MDS. Assertion of this signal will enable the clock input to the 
on-chip instruction register (during an instruction fetch) or to the 
load r esult register (during a data fetch). In a system with cache, 
MDS is used to signal the processor when the missed data (cache 
miss) is ready on the bus. In a system with slow memories, MDS 
is used t o signa l the processor when the read data is available on 
the bus. MDS must be asse rted only while t he processor is frozen 
by either the MHO LDA or MHOLDB input signals. The 
CY7C611 samples th e MDS signal via an on-chip transparent latch 
before it is used. The MDS si gnal is also used for strobing memory 
exceptio ns. In other words, M DS should be asserted whenever 
MEXC is asserted (see MEXC definition). 

MEXC. This signal is asserted by the memory (or cache) 
controller to initiate an instruction (or data) exception trap. 


MEXC is latched in the processor at the ri sing edge of CLK and 
is used in the following cycle. If MEXC is asserted during an 
instruction fetch cycle, an instruction access exception is 
generated, and if MEXC is asserted during a data fetch cycle, a 
data ac cess except ion trap is generated. T he ME XC signal is used 
during (MHOLD) in conjunction with the MDS signal to indicate 
to the CY7C611 that the memory system was unab le to su pply 
valid instruction or data. If MDS is applied without MEXC, the 
CY7C61 1 accepts the contents of th e data bu s as valid information, 
but when MDS is applied with MEXC an exception trap is 
generated and the conten ts of the dat a bus is ignored by the 
CY7C6 11. (In other words, M HOLD and MDS must be low when 
MEXC is asse rted.) ME XC must be deasserted in the same clock 
cycle in which MHOLD is released. 

MAO. This signal is used during a MHOLD by the integer unit 
to select between the current memory access parameters and the 
previous (missed) memory parameters (i.e. the value of those 
parameters at the second rising edge of CLK before MHOLD was 
applied). A logic high value at this pin during a cache miss will 
caus e the integer unit to put A[23:0], ASI[2:0], SIZE[1:0], RD, 
WE, WRT, LDSTO, and LOCK values corresponding to the 
missed memory address on the bus. Normally, MAO should be 
kept at a ’’low” level, selecting the access parameters for the 
current acce ss. M AO should not be used during store cycle misses 
because the WE output would be lost. 

RD. This signal specifies whether the current memory access is 
a read or write operation. It is sent out ’’unlatched” by the integer 
unit and must be latched externally before it is used. RD is set to 
”0” only during data cycles of store instructions including the store 
cycles of atomic load store instructions. This signal, when used in 
conjunction with SIZE[1:0] and LDSTO, can be used to check 
access rights of bus transactions. In addition, the RD signal may 
be used to turn off the output drivers of data RAMs during a store 
operation. For atomic load store instructions the RD signal is ”1” 
during the first data cycle (read cycle), and ”0” during the second 
and third data cycles (write cycle). 

WE. This signal is asserted by the integer unit during the second 
data cycle of store single instructions, the second and third data 
cycles of store double instructions, and the t he third data cycle of 
atomic load/store instructions. The WE signal is sent out 
’’unl atched” and must be latched externally before it is used. The 
WE signal may be external ly qualified by HOLD signals (i.e., 
MHOLDA and MHOLDB) to avoid writing into the memory 
during memory exceptions. 

WRT. This signal is asserted (set to “1”) by the processor during 
the first data cycle of single or double integer store instructions, 
the first data cycle of single or double floating-point store 
instructions, and the second data cycle of atomic load/store 
instructions. WRT is sent out ’’unlatched” and must be latched 
externally before it is used. 

LDSTO. This signal is asserted by the integer unit during the data 
cycles of atomic load store operations. LDSTO is sent out 
’’unlatched” by the integer unit and must be latched externally 
before it is used. 

LOCK. This signal is set to “1” when the processor needs the bus 
for multiple cycle transactions such as atomic load/store, double 
loads and double stores. The LOCK signal is sent “unlatched” and 
should be latched externally before it is used. The bus may not be 
granted to another bus master as long as the LOCK signal is 
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asserted (i.e., BHOLD should not be asserted in the following 
processor clock cycle when LOCK = 1). 

INULL. Assertion of INULL indicates that the current memory 
access (whose address is held in an external latch) is to be nullified 
by the processor. INULL is intended to be used to disable cache 
misses (in systems with cache) and to disable memo ry ex ception 
generation for the current memory access (i.e., MDS and MEXC 
should not be asserted for a memory access when INULL = 1). 
INULL is a latched output and is active during the same cycle as 
the address which it nullifies. INULL is asserted under the 
following conditions: During the second cycle of a store 
instruction, or whenever the CY7C611 address is invalid due to an 
external or internal exception. If a floating-point unit or 
coprocessor unit is present in the system INULL should be ORed 
with the FNULL and CNULL signals from these units. 

Floating-Point Interface Signals 

The floating-point/coprocessor unit interface is a dedicated group 
of connections between the CY7C611 and the CY7C602. Note 
that no external circuits are required between the CY7C611 and 
the CY7C602; all traces should connect directly. The interface 
consists of the following signals: 

FP. This signal indicates whether or not a floating-point unit 
exists in the system. The FP signal is normally pulled up to VDD 
by a resistor. It is grounded when the CY7C602 chip is present. 
The integer unit generates a floating-point disable trap if FP = 1 
during the execution of a floating-point instruction, FBfcc 
instruction or floating-point load and store instructions. 

FCC[1:0]. These bits are taken as the current condition code bits 
of the CY7C602. They are considered valid if FCCV = 1. During 
the execution of the FBfcc instruction, the processor uses these bits 
to determine whether the branch should be taken or not. FCC[ 1:0] 
are latched by the processor before they are used. 

FCCV. This signal should be asserted only when the FCC[ 1:0] bits 
are valid. The floating-point unit deasserts FCCV if pending 
floating-point compare instructions exist in the floating-point 
queue. FCCV is reasserted when the compare instruction is 
completed and the floating-point condition axles FCC[1:0] are 
valid. The integer unit will enter a wait state if FCCV is deasserted 
(i.e., FCCV = ”0”). The FCCV signal is latched (transparent latch) 
in the CY7C611 before it is used. 

FHOLD. This signal is asserted by the floating-point unit if a 
situation arises in which the CY7C602 cannot continue execution. 
The floating-point unit checks all dependen cies in the Decode 
stage of the instruction and asserts FHOLD (if necessary) in the 
next cycle. This signal is used by the integer unit to freeze the 
instruction pipelin e in the same cycle. The CY7C602 must 
eventually dea ssert FHO LD in order to unfreeze the integer unit’s 
pipeline. The FHOLD signal is latched (transparent latch) in the 
CY7C611 before it is used. 

FEXC. Assertion of t his signa l indicates that a floating-point 
exception has occurred. FEXC must remain asserted until the 
integer unit takes the trap and acknowledges the CY7C602 via 
FXACK signal. Floating-point exceptions are taken only during 
the execution of floating-point instruction s, FBfcc instruction and 
floating-point load and store instructions. FEXC is latched in the 
integer u nit before it is used. The C Y7C602 s hould deassert 
FHOLD if it det ects an exception while FHOLD is asserted. In 
this case FEXC should be asserted a cycle before FHOLD is 
deasserted. 


INST. This signal is asserted by the integer unit whenever a new 
instruction is being fetched. It is used by the CY7C602 to latch the 
instruction on the D[31:0] bus into the CY7C602 instruction 
buffer. The CY7C602 needs two instruction buffers (D1 and D2) 
to save the last two fetched instructions. When INST is asserted 
a new instruction enters into the D1 buffer and the old instruction 
in D1 enters into the D2 buffer. 

FLUSH. This signal is asserted by the integer unit and is used by 
the CY7C602 to flush the instructions in its instruction registers. 
This may happen when a trap is taken by the integer unit. 
Instructions that have entered into the floating-point queue may 
continue their execution if FLUSH is raised as a result of a trap 
or exception other than floating-point exceptions. 

FINS1. This signal is asserted by the integer init during the 
decode stage of a CY7C602 instruction if the instruction is in the 
D1 buffer of the CY7C602 chip. The CY7C602 uses this signal to 
latch the instruction in D1 buffer into its execute stage instruction 
register. 

FINS2— This signal is asserted by the integer unit during the 
decode stage of a CY7C602 instruction if the instruction is in the 
D2 buffer of the CY7C602 chip. The CY7C602 uses this signal to 
latch the instruction in D2 buffer into its execute stage instruction 
register. 

FXACK— This signal is asserted by the inte ger uni t in order to 
acknowledge to the CY7C602 that the current FEXC trap is taken. 
The CY7C602 must deassert FEXC after it receives an asserted 
level of FXACK signal so that the next floating-point instruction 
does not cause a “repeated” floating-point exception trap. 

Miscellaneous I/O Signals 

These signals are used by the CY7C611 to control external events 
or to receive input from external events. This interface consists of 
the following signals: 

IRL[3:0], The data on these pins defines the external interrupt 
level. IRL[3:0] = 0000 indicates that no external interrupts are 
pending. The integer unit uses two on-chip synchronizing latches 
to sample these signals on the rising edge of CLK. A given 
interrupt level must remain valid for at least two consecutive cycles 
to be recognized by the integer unit. IRL[3:0] = 1111 signifies an 
non-maskable interrupt. All other interrupt levels are maskable 
by the PIL field of the Processor State Register (PSR). External 
interrupts should be latched and prioritized by the external logic 
before they are passed to the integer unit. The external interrupt 
latches should keep the interrupts pending until they are taken 
(and acknowledged) by the integer unit. External interrupts can be 
acknowledged by software or by the Interrupt Acknowledge 
(INTACK) output. 

INTACK— This signal is asserted by the integer unit when an 
external interrupt is taken. 

RESET — Assertion of this pin will reset the integer unit. The 
RESET signal must be asserted for a minimum of eight processor 
clock cycles. A fter a res et, the integer unit will start fetching from 
address 0. The RESET signal is latched by the integer unit before 
it is used. 

ERROR— This signal is asserted by the integer unit when a trap 
is encountered while traps are disabled via the ET bit in the PSR. 
In this situation the integer unit saves the PC and nPC registers, 
sets the tt value in the TBR, enters into an error state, asserts the 
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ERROR signal and then halts. The only way to restart the 
pro cessor tra pped in the error state, is to trigger a reset by asserting 
the RESET signal. 

TOE— This signal is used to force all output drivers of the 
processor chip into a high-impedance state. It is used to isolate the 
chip from the rest of the system for debugging purposes. THIS 
PIN SHOULD BE TIED LOW FOR NORMAL OPERATION. 

FPSYN— This pin is a mode pin which is used to allow execution 
of additional instructions in future designs. It should be normally 


kept deasserted (FPSYN = 0) to disable the execution of these 
instructions. 

CLK— CLK is a 50% duty-cycle clock used for clocking the 
CY7C611’s pipeline registers. It is HIGH during the first half of 
the processor cycle, and LOW during the second half. The rising 
edge of CLK defines the beginning of each pipeline stage in the 
CY7C611 chip. 



7-45 




PRODUCT 
INFORMATION 

STATIC RAMS 


PROMS 

EPLDS 



BRIDGEMOS 



DESIGN AND = = 

PROGRAMMING TOOLS 



QUALITY AND 
RELIABILITY 



PACKAGES 


14 










CYPRESS 

SEMICONDUCTOR 


Section Contents 


Modules 

Custom Module Capabilities 

Device Number 

CYM1220 

CYM1240 

CYM1400 

CYM1420 

CYM1421 

CYM1422 

CYM1423 

CYM1441 

CYM1460 

CYM1461 

CYM1464 

CYM1540 

CYM1610 

CYM1611 

CYM1620 

CYM1621 

CYM1622 

CYM1623 

CYM1624 

CYM1641 

CYM1720 

CYM1821 

CYM1822 

CYM1830 

CYM1831 

CYM1832 

CYM1841 

CYM1910 

CYM1911 

CYM4210 

CYM4220 


Page Number 

8-1 


Description 

64K x 4 Static RAM Module 8-3 

256K x 4 Static RAM Module 8-4 

32K x 8 Static RAM Module 8-5 

128K x 8 Static RAM Module 8-6 

128K x 8 Static RAM Module 8-7 

128K x 8 Static RAM Module 8-8 

128K x 8 Static RAM Module 8-13 

256K x 8 Static RAM Module 8-14 

512Kx 8 Static RAM Module 8-19 

512K x 8 Static RAM Module 8-24 

512K x 8 Static RAM Module 8-30 

256K x 9 Buffered Static RAM Module with Separate I/O 8-31 

16K x 16 Static RAM Module 8-36 

16K x 16 Static RAM Module 8-37 

64K x 16 Static RAM Module 8-44 

64K x 16 Static RAM Module 8-45 

64K x 16 Static RAM Module 8-51 

64K x 16 Static RAM Module 8-56 

64K x 16 Static RAM Module 8-57 

256K x 16 Static RAM Module 8-62 

32K x 24 Static RAM Module 8-67 

16K x 32 Static RAM Module 8-72 

16K x 32 Static RAM Module with Separate I/O 8-79 

64K x 32 Static RAM Module 8-86 

64K x 32 Static RAM Module 8-91 

64K x 32 Static RAM Module 8-96 

256K x 32 Static RAM Module 8-101 

16K x 68 Static RAM Module 8-107 

16K x 68 Static RAM Module 8-113 

Cascadeable 8K x 9 FIFO 8-120 

Cascadeable 16K x 9 FIFO 8-121 





CYPRESS 
SEMICONDUCTOR 


Custom Module Capabilities 


Cypress’s Multichip Products group is a leading supplier of custom 
memory and/or logic modules. This turnkey capability provides 
designers with a fast, low-risk solution for when they require the 
ultimate in system performance and density. Detailed information 
on our standard modules can be found in the static RAM and 
Module sections of this book. 

Custom Capabilities 

Cypress’s Multichip Products Division is currently supporting cus- 
tom modules with the following technical requirements: 


Substrate Type: 
Comp. Packaging: 
Pin Configuration: 

Data Word Width: 
Pin Count: 

Access Time: 


Ceramic, Epoxy Laminate 

LCC, SOJ, SOIC, PLCC 

DIP, VDIP (DSIP), ZIP, SIP, 
QUIP, PGA 

Up to 144 Bits 

Up to 200 Pins 

10 ns and up 


As 1990 progresses, we will be introducing new technology which 
will extend each of these capabilities. 

Multichip modules are typically SRAM based. However, other 
types of components can be used in addition to or instead of 
SRAMs— Logic, PLDs, EPROM, gate arrays, microprocessors, etc. 

Advantages of Custom Modules 

Custom modules provide the memory system designer with the ul- 
timate in flexibility and performance. For example, when using a 
custom module it is very straightforward to implement unusual 
memory word widths— a capability that becomes critical in high- 
speed applications such as digital signal processing and RISC- 
based systems. 

Custom modules are built using fully-tested components, and are 
rigorously tested before they are shipped. This testing redundancy 
saves time and effort during system testing and provides an added 
degree of reliability. 

Performance and Density Improvements 

Far greater memory densities can be achieved with the use of mod- 
ules than with even the most advanced surface mount technolo- 
gies. This density can be attained for several reasons: 


• Orientation. Module substrates can be oriented vertically, 
with devices mounted on both sides 

• Routing Efficiency. Due to compact module size, more effi- 
cient routing techniques can be used. These include tighter 
line spacing, blind and buried vias, and selective manual 
routing. 

• Pin Reduction. The reduced number of device pins, which 
results from the use of modules, allows the memory system 
itself to be routed more efficiently. 

• Ceramic Substrates. Ceramic is the highest density inter- 
connect medium for surface-mount packages. Thus, modules 
provide large density improvements while satisfying hermet- 
lcity requirements, if desired. 

Module usage also improves memory system performance. These 
performance advantages include the following 

• Crosstalk characteristics are substantially improved. 

• Number of pins is minimized. 

• Ceramic may be used to improve thermal characteristics. 

Custom Module Flow 

Multichip’s focus is on providing turnkey memory modules. Figure 1 
illustrates the tasks performed during the development of the 
module. 

Module development commences with the generation of a de- 
tailed Objective Specification. The module is designed to this spec- 
ification, and once in production it will be guaranteed to perform 
as indicated in the Objective Spec. 

Components are selected while the specification is being gener- 
ated. In many cases, the spec is designed such that multiple sources 
of components can be utilized. Once the spec is complete and the 
components are selected, a schematic for the module is generated. 
The netlist from the schematic is used to drive the circuit simulator. 

During simulation, several types of analyses are performed. A 
functional simulation is used to ensure that the module’s logic is 
designed properly. Timing simulation is run to verify that the mod- 
ule will function when subjected to the worst case timing delays of 
the components. Finally, thermal analysis may be performed to 
determine the thermal characteristics of the module. 
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Custom Module Flow (continued) 



The layout of the module is also netlist driven. An autorouter may 
or may not be used, depending on the complexity and density of 
the module. Design rule checks are run to ensure that the layout 
does not violate any electrical or mechanical design rules. Finally, 
the layout output is used to generate the module substrate. 

The layout output is also used to drive the pick and place equip- 
ment. This ensures consistency between design and manufactur- 
ing. While the module prototypes are being assembled, the test 
program is generated and the test fixture is constructed. Test pro- 
gram generation is largely automated, using as inputs the simula- 
tion outputs and pre-defined test program subroutines for com- 
mon configurations. 

Once prototypes have been generated, the standard release proce- 
dure is initiated. This procedure includes steps such as bench test- 
ing, module characterization and qualification, and fine tuning of 
the test program. Following customer approval of the module, it 
is released to production. 

Future Technologies 

Cypress is committed to providing the most advance custom mod- 
ule capability in the industry. This commitment includes more 
than simply modularizing the most advanced Cypress memory 
products. As part of our commitment to redefining the leading 
edge in module technology, we are pioneering the use of several 
advanced technologies: 

• ECL and BiCMOS products of Cypress’s Aspen Semicon- 
ductor subsidiary 

• Advanced packaging techniques such as Tape Automated 
Bonding (TAB). 

• Advanced module package formats, such as ZIP packaging 
and sub-one hundred mil pin spacing. 

• Application of design automation techniques to module 
products. 

Quoting Information 

In order to prepare a quotation or proposal, we need as much as 
possible of the following information: 

• Circuit schematic 

• Functional description 

• Mechanical dimensions required 

• Speed and power requirements 

• Prototype and production deadlines 

• Production quantity estimates 

• An engineering contact to answer questions 

Once the above information is received, a budgetary quotation will 
typically be provided within one to two weeks. 


Figure 1. Custom Module Flow 


8-2 


















This is a partial data sheet. For complete data sheet, see Section 2, Static RAMs. 


PRELIMINARY CYM1220 


CYPRESS 
SEMICONDUCTOR 


64K x 4 SRAM Module 


Features 

• Very high speed 256K SRAM module 
— Access time of 10 nsec. 

• 300-mil-wide hermetic DIP package 

• Low active power 

— 1.8W (max.) 

• SMD technology 

• TTL-compatible inputs and outputs 

• On-chip decode for speed and density 

• JEDEC pinout— compatible with 
7C194 monolithic SRAMs 

• Small PCB footprint 

— 0.36 sq. in. 


Functional Description 

The CYM1220 is an extremely high per- 
formance 256-kilobit static RAM 
module organized as 65,536 words by 
4 bits. This module is constructed using 
four 16K x 4 static RAMs in LCC pack- 
ages mounted on a 300-mil-wide ceramic 
substrate. Extremely high speed and 
density are achieved by using BiCMOS 
SRAMs containing internal address 
decoding logic. 

Writing to the module is accomplished 
when the chip enable (CE) and write en- 
able (WE) inputs are both LOW. Data on 
the four input pins (I/O 0 through I/O3) 


of the device is written into the memory 
location specified on the address pins 
(Ao through A 1S ). 

Reading the device is accomplished by 
taking the chi p en able (CE) LOW, while 
write enable (WE) remains inactive or 
HIGH. Under these conditions, the 
contents of the memory location specified 
on the address pins (Ao through A 15 ) 
will appear on the four output pins 
(I/Oo through I/O3). 

The data output pins remain in a high- 
impedance state unless th e mo dule is 
selected and write enable (WE) is HIGH. 


Logic Block Diagram 


Ce 


WE 



l/O 0 - I/O; 


'3 

1220-1 


Pin Configuration 


DIP 

Top View 


A6 C 

1 

24 

3 v cc 

a 7 C 

2 

23 

ID A5 

As [I 

3 

22 

3a 4 

a 9 C 

4 

21 

ID a 3 

A10 in 

5 

20 

ID a 2 

AnC 

6 

19 

3 A, 

A«C 

7 

18 

3 Ao 

A13C 

8 

17 

3 i/o 3 

A14 C 

9 

16 

3i/o 2 

A15 E 

10 

15 

31/0, 

UeC 

11 

14 

3 i/o 0 

gndC 

12 

13 

3 we 


Selection Guide 



1220HD-10 

1220HD-12 

1220HD-15 

1220HD-20 

Maximum Access Time (ns) 

10 

12 

15 

20 

Maximum Operating 

Current (mA) 

Commercial 

325 

325 

325 


Military 


375 

375 

375 

Maximum Standby 

Commercial 

200 

200 

200 


Current (mA) 

Military 


250 

250 

250 
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This is a partial data sheet. For complete data sheet, see Section 2, Static RAMs. 


CYPRESS 

SEMICONDUCTOR 


PRELIMINARY CYM1240 


256K X 4 SRAM Module 


Features 

• High-density 1-megabit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 25 ns 

• Low active power 

— 2.6W (max.) 

• SMD technology 

• TTL-compatible inputs and outputs 

• Low profile 

— Max. height of 0.3 in. 

• Small PCB footprint 

— 0.56 sq. in. 


Functional Description 

The CYM1240 is a very high performance 
1-megabit static RAM module organized 
as 256K words by 4 bits. This module is 
constructed using four 256K x 1 static 
RAMs in LCC packages mounted on a 
ceramic substrate with pins. It is socket- 
compatible with monolithic 256K x 4 
SRAMs. 

Writing to the modulejs accomplished 
when the chip select (CS) and write en- 
able (WE) inputs are both LOW. Data on 
the four input/output pins (I/Oo - I/O3) of 
the device is written into the memory 


location specified on the address pins (Ao 
through An). 

Reading the device is accomplish ed by 
taking chip select (CS) low while (WE) 
remains inactive or HIGH. Under these 
conditions, the contents of the memory 
location specified on the address pins 
(Ao through A 17 ) will appear on the 
appropriate data input/output pins 
(I/Oo - I/O3). 

The data input/output pins remain in a 

high-impedance state when chip select 

(CS) is HIGH or when write enable (WE) 
is LOW. 
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This is a partial data sheet. For complete data sheet, see Section 2, Static RAMs. 


CYPRESS = = 
SEMICONDUCTOR 


PRELIMINARY CYM1400 


32K x 8 SRAM Module 


Features 

• Very high speed 256K SRAM module 
— Access time of 10 nsec. 

• 300-mil-wide hermetic DIP package 

• Low active power 

- 2.1W (max.) 

• SMD technology 

• TTL-compatible inputs and outputs 

• On-chip decode for speed and density 

• JEDEC pinout— compatible with 
7C199 monolithic SRAMs 

• Small PCB footprint 

— 0.42 sq. in. 


Functional Description 

The CYM1400 is an extremely high 
performance 256-kilobit static RAM 
module organized as 32,768 words by 
8 bits. This module is constructed using 
four 16K x 4 static RAMs in LCC pack- 
ages mounted on a 300-mil-wide ceramic 
substrate. Extremely high speed and 
density are achieved by using BiCMOS 
SRAMs containing internal address 
decoding logic. 

Writing to the module is accomplished 
when the chip enable (CE) and write en- 
able (WE) inputs are both LOW Data on 
the eight input pins (I/Oo through I/O7) 


of the device is written into the memory 
location specified on the address pins 
(Ao through A 14 ). 

Reading the device is accomplished by 
taking the chip enable (CE) and output 
enab le (OE) LOW, while write enable 
(WE) remains inactive or HIGH. Under 
these conditions, the contents of the 
memory location specified on the address 
pins (Ao through A i4 ) will appear on the 
eight output pins (I/O 0 through I/O7). 
The data output pins remain in a high- 
impedance state unless the module is 
selected , out puts are enabled, and write 
enable (WE) is HIGH. 
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This is a partial data sheet. For complete data sheet, see Section 2, Static RAMs. 

CYM1420 

CYPRESS 


SEMICONDUCTOR 


128K x 8 Static RAM 
Module 


Features 

• High-density 1-megabit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 30 ns 

• 32-pin, 0.6-in.-wide DIP package 

• JEDEC-compatible pinout 

• Low active power 
- 1.2W (max.) 

• Hermetic SMD technology 

• TTL-compatible inputs and outputs 

• Commercial and military 
temperature ranges 


Functional Description 

The CYM1420 is a very high performance 
1-megabit static RAM module organized 
as 128K words by 8 bits. The module is 
constructed using four 32K x 8 static 
RAMs in leadless chip carriers mounted 
onto a double-sided multilayer ceramic 
substrate. A decoder is used to interpret 
the higher-order addresses Ai S and Ai 6 
and to select one of the four RAMs. 
Writing to the memory module is accom- 
plished when the chip select (CS) and 
write enable (WE) inputs are both LOW 
Data on the eight input/output pins (I/Oo 


through I/O7) is written into the memory 
location specified on the address pins (Ao 
through A 16 ). Reading the device is 
accomplished by taking chip select (CS), 
and out put e nable (OE) LOW, while write 
enable (WE) remains inactive or HIGH. 
Under these conditions, the contents of 
the memory location specified on the 
address pins will appear on the eight data 
input/output pins. 

The input/output pins remain in a high- 
impedance state unless the module is 
selecte d, out puts are enabled, and write 
enable (WE) is HIGH. 


Logic Block Diagram 


Pin Configuration 



DIP 

Top View 


NC 

A ie 

A i4 

A 12 £ 
A/C 

Ae C 

a 5 P 


1* 

32 

2 

31 

3 

30 

4 

29 

5 

28 

6 

27 

7 

26 

8 

25 

9 

24 

10 

23 

11 

22 

12 

21 

13 

20 

14 

19 

15 

18 

16 

17 


1/O0-1/O7 


D Vcc 

^ A 15 

□ NC 

□ WE 

□ a 13 

□ A 8 
H Ag 

3 A 11 
□T5E 


i/o 7 
l/O e 

l/0 5 
l/0 4 

P l/0 3 
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1420HD-30 

1420HD-35 

1420HD-45 

1420HD-55 

Maximum Access Time (ns) 

30 

35 

45 

55 

Maximum Operating Current (raA) 

Commercial 

210 

210 

210 

210 

Military 



210 

210 

Maximum Standby Current (mA) 

Commercial 

140 

140 

140 

140 

Military 



140 

140 
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This is a partial data sheet. For complete data sheet, see Section 2, Static RAMs. 


CYPRESS — 
SEMICONDUCTOR 


CYM1421 

128K x 8 Static RAM 
Module 


Features 

• High-density 1-megabit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 70 ns 

• 32-pin, 0.6-in.-wide DIP package 

• JEDEC-compatible pinout 

• Low active power 
— 660 mW (max.) 

• Hermetic SMD technology 

• TTL-compatible inputs and outputs 

• 2V data retention (L version) 


Functional Description 

The CYM1421 is a high-performance 
1-megabit static RAM module organized 
as 128K words by 8 bits. The module is 
constructed using four 32K x 8 static 
RAMs in leadless chip carriers mounted 
onto a double sided multilayer ceramic 
substrate. A decoder is used to interpret 
the higher-order addresses A 1S and A 16 
and select one of the four RAMs. 

Writing to the memory module is accom- 
plished when the chip select (CS) and 
write enable (WE) inputs are both LOW. 
Data on the eight input/output pins (I/O 0 


through I/O7) is written into the memory 
location specified on the address pins (Ao 

through Ai 6 ). Reading the device is 

accomplished by ta king chip select (CS), 
and out put e nable (OE) LOW, while write 
enable (WE) remains inactive or HIGH. 
Under these conditions, the contents of 
the memory location specified on the 
address pins will appear on the eight data 
input/output pins. 

The input/output pins remain in a high- 
impedance state unless the module is 
selecte d, out puts are enabled, and write 
enable (WE) is HIGH. 
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Maximum Access Time (ns) 

Maximum Operating Current (mA) Commercial 

Maximum Standby Current (mA) Commercial 


1421HD-70 

1421HD-85 

70 

85 

120 

120 

70 

70 
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PRELIMINARY CYM1422 



Features 

• High-density 1-megabit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 30 ns 

• Low active power 

— 1.1W (max.) 

• SMD technology 

• TTL-compatible inputs and outputs 

• Low profile 

— Max. height of 0.65 in. 

• Small PCB footprint 

— 0.8 sq. in. 


Functional Description 

The CYM1422 is a high-performance 
1-megabit static RAM module organized 
as 128K words by 8 bits. This module is 
constructed using four 32K x 8 static 
RAMs in SOICs mounted onto a single 
sided multilayer epoxy laminate board 
with pins. A decoder is used to interpret 
the higher-order address Ai$ and Ai 6 and 
select one of the four RAMs. 

Writing to the memory module is accom- 
plished when the chip select (CS) and 
write enable (WE) inputs are both LOW. 
Data on the eight input/output pins (I/Oo 
through I/O7) is written into the memory 


location specified on the address pins (Ao 
through Ai6). Reading the device is ac- 
complished by takin g chip select (CS) and 
output enab le (OE) LOW, while write 
enable (WE) remains inactive or HIGH. 
Under these conditions, the contents of 
the memory location specified on the 
address pins will appear on the eight data 
input/output pins. 

The input/output pins remain in a high- 
impedance state unless the module is 
selected , out puts are enabled, and write 
enable (WE) is HIGH. 
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Maximum Access Time (ns) 


Maximum Operating Current (mA) 


Maximum Standby Current (mA) 


1422PS-30 

1422PS-35 

1422PS-45 

1422PS-55 

30 

35 

45 

55 

200 

200 

200 

200 

140 

140 

140 

140 




8-8 































Maximum Ratings 


(Above which the useful life may be impaired) 


Storage Temperature -65 °C to + 150°C 

Ambient Temperature with 

Power Applied -10°Cto+90°C 

Supply Voltage to Ground Potential -0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State -0.5V to +7.0V 

DC Input Voltage -0.5V to + 7.0V 

Output Current into Outputs (Low) 20 mA 


PRELIMINARY CYM1422 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to +70°C 

5V ± 10% 


Electrical Characteristics Over the Operating Range 


Parameters 

Description 

Test Conditions 

CYM1422PS 

Units 

Min. 

Max. 

Voh 

Output HIGH Voltage 

Vcc = Min., Ioh = -4.0 mA 

2.4 


V 

VOL 

Output LOW Voltage 

Vice = Min., Iql = 8.0 mA 


0.4 

V 

Mh 

Input HIGH Voltage 


2.2 

Vcc 

V 

Ml 

Input LOW Voltage 


-0.5 

0.8 

V 

Iix 

Input Load Current 

GND <_ Vi <. Vcc 

-15 

+ 15 

jxA 

loz 

Output Leakage Current 

GND <_ Vo <. Vcc. Output Disabled 

-15 

+ 15 

pA 

Icc 

Vcc Operating 

Supply Current 

VCC = Max., I OUT = 0 mA 

CS <lV il 


200 

mA 

ISBl 


Max. Vcc ; CS jz. Vih 

Min. Duty Cycle = 100% 


140 

mA 

ISB2 

Automatic CS 

Power-Down Current t 2 l 

Max. V C c; CS >. V C c- 0.3V, 

Vjn >_ Vcc ~ 0-3V or 

V IN <. 0.3V 


80 

mA 


Capacitance^ 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Qn 

Input Capacitance 

T a = 25 °C, f = 1 MHz, 

40 

pF 

CoUT 

Output Capacitance 

V CC = 5.0V 

35 

pF 


Votes: 

l. Not more than 1 output should be shorted at one time. Duration of the 2. A pull-up resistor to \fcc on the"C5 input is required to keep the device 
short circuit should not exceed 30 seconds. deselected during \ c power-up, otherwise I SB will exceed values 

given. 

3. Tested on a sample basis. 

\C Test Loads and Waveforms 


R1 481 a 


R1 48ia 


5V O- 
OUTPUT O- 


INCLUDING 
JIG AND 
SCOPE 


I 


30 pF 


5V O 
OUTPUT O 


ALL INPUT PULSES 


R2 

255a 


(a) 



Equivalent to: THEVENIN EQUIVALENT 
OUTPUT O 


167a 

w* O 1.73V 
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CYPRESS 

SEMICONDUCTOR 


PRELIMINARY CYM1422 


Switching Characteristics Over the Operating Range* 41 


Parameters 

Description 

1422PS-30 

1422PS-35 

1422PS-45 

1422PS-55 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

tRC 

Read Cycle Time 

30 


35 


45 


55 


ns 

tAA 

Address to Data Valid 


30 


35 


45 


55 

ns 

tOHA 

Data Hold from Address Change 

3 


3 


3 


3 


ns 

Ucs 

CS LOW to Data Valid 


30 


35 


45 


55 

ns 

tDOE 



15 


20 


25 


30 

ns 

l LZOE 

OE LOW to Low Z 

3 


3 


3 


3 


ns 

tHZOE 

OE HIGH to High Z 


20 


20 


20 


20 

ns 

fizcs 

CS LOW to Low Zl 6 l 

3 


3 


3 


3 


ns 

tHZCS 

CS HIGH to High Z 15 61 


15 


20 


20 


20 

ns 

tpu 

CS LOW to Power-Up 



0 




0 


ns 

tpD 

CS HIGH to Power-Down 


30 


35 


45 


55 

ns 

WRITE CYCLE (7) 

twc 

Write Cycle Time 

30 


35 


45 


55 


ns 

tscs 

CS LOW to Write End 

25 


30 


40 


45 


ns 

tAW 

Address Set-Up to Write End 

25 


30 


40 


45 


ns 

*HA 

Address Hold from Write End 

5 


5 


5 


5 


ns 

tSA 

Address Set-Up to Write Start 

5 


5 


5 


5 


ns 

l PWE 

WE Pulse Width 

25 


25 


35 


35 


ns 

tSD 

Data Set-Up to Write End 

15 


20 


20 


20 


ns 

tHD 

Data Hold from Write End 

3 


3 


5 


5 


ns 

tLZWE 

WE HIGH to Low Z (6] 

3 


3 


3 


3 


ns 

tHZWE 

WE LOW to High Z 15 ’ 61 

0 

15 

0 

20 

0 

25J 

0 

25 

ns 


Notes: 

4. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1 . 5 V, input levels of 0 to 3.0V and output loading of 
the specified Ioi/Ioh and 30-pF load capacitance. 

5. tnzcs an d Ihzwe are specified with Cl = 5 pF as in part (b) of 
AC Test Loads. Transition is measured ± 500 mV from steady state 
voltage. 

6. At any given temperature and voltage condition, tnzcs is less than 
Ilzcs for any given device. These parameters are guaranteed and not 
100% tested. 


Switching Waveforms 1111 


7. The inter nal w rite time of the memory is defined by the overlap of CS 
LOW and WE LOW. Both signals must be LOW to initiate a write and 
either signal can terminate a write by going HIGH. The data input 
set-up and hold timing should be referenced to the rising edge of the 
signal that terminates the write. 

8. WE is HIGH for read cycle. 

9. Device is continuously selected, CS = Vil and OE = V| L . 

10. Address valid prior to or coincident with CS transition low. 

11. Data I/O will be high impedance if OE = Vj H . 

12. If CS goes HIGH simultaneously with WE HIGH, the output remains 
in a high-impedance state. 


Read Cycle No. I 18 - 91 



" IRC 


ADDRESS 

< ? 



■a ~ tAA' 

P tOHA ** 


i 


DATA OUT 

PREVIOUS DATA VALID 


£ DATAVAUD 


1422-5 
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CYPRESS 

SEMICONDUCTOR 


PRELIMINARY CYM1422 


Switching Waveforms (continued) 
Read Cycle No. 2 (8> 101 
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PRELIMINARY CYM1422 



Truth Table 


cs 

WE 

OE 

Input/Outputs 

Mode 

H 

X 

X 

High Z 

Deselect/Power-Down 

L 

H 

L 

Data Out 

Read 

L 

L 

X 

Data In 

Write 

L 

H 

H 

High Z 

Deselect 


Ordering Information 


Speed 

Ordering Code 

Package 

Type 

Operating 

Range 

30 

M1422PS-30C 

PS03 

Commercial 

35 

M1422PS-35C 

PS03 

Commercial 

45 

M1422PS-45C 

PS03 

Commercial 

55 

M1422PS-55C 

PS03 

Commercial 


Document #: 38-M-00003-A 
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This is a partial data sheet. For complete data sheet, see Section 2, Static RAMs. 


tjs CYPRESS ===== 
W SEMICONDUCTOR 


CYM1423 

128Kx 8 Static RAM 
Module 


Features 

• High-density 1-megabit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 45 ns 

• 32-pin, 0.6-inch-wide DIP package 

• JEDEC-compatible pinout 

• Low active power 

- 1.2W (max.) 

• SMD technology 

• TTL-compatible inputs and outputs 

• Commercial temperature range 

• Small PCB footprint 

— 1.1 sq. in. 


Functional Description 

The CYM1423 is a high-performance 
1-megabit static RAM module organized 
as 128K words by 8 bits. This module is 
constructed using four 64K x 4 static 
RAMs in SOJ packages mounted onto an 
epoxy laminate board with pins. A de- 
coder is used to interpret the higher-order 
address and select two of the four RAMs. 
Writing to the modulejs accomplished 
when the chip select (CS) and write en- 
able (WE) inputs are both LOW. Data on 
the eight input/output pins (I/O 0 through 
I/O7) of the device is written into the 


memory location specified on the address 
pins (Ao through A 16 ). Reading the device 
is accomplished by taking chip select (CS) 
and out put e nable (OE) LOW, while write 
enable (WE) remains inactive or HIGH. 
Under these conditions, the contents of 
the memory location specified on the ad- 
dress pins (Ao through A 16 ) will appear on 
the eight input/output pins (I/Oo through 

i/o 7 ). 

The input/output pins remain in a high- 
impedance state unless the module is 
selected , out puts are enabled, and write 
enable (WE) is HIGH. 
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PRELIMINARY CYM1441 


CYPRESS 
SEMICONDUCTOR 


256K x 8 SRAM Module 


Features 

• High-density 2-megabit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 25 ns 

• Low active power 

- 5.3W (max.) 

• SMD technology 

• Separate Data I/O 

• 60-pin ZIP package 

• TTL-compatible inputs and outputs 

• Low profile 

— Max. height of .5 in. 

• Small PCB footprint 

— 1.17 sq. in. 


Functional Description 

The CYM1441 is a very high performance 
2-megabit static RAM module organized 
as 256K words by 8 bits. This module is 
constructed using eight 256K x 1 static 
RAMs in SOJ packages mounted on an 
epoxy laminate substrate with pins. Two 
chip selects (CSl and CSu) are used to in- 
dependently enable the upper and lower 
4 bits of the data word. 

Writing to the module is accomplished 
when t he ch ip select (CS) and write 
enable (WE) inputs are both LOW. Data 
on the eight input pins (Dio through DI7) 
of the device is written into the memory 


location specified on the address pins (Ao 
through An). 

Reading the device is accomplished by 
takin g chip select (CS) and output enable 
(OE) low, while write enable (WE) 
remains inactive or HIGH. Under these 
conditions, the contents of the memory 
location specified on the address pins (Ao 
through An) will appear on the appropri- 
ate data output pins (DO 0 through DO7). 
The data output pins remain in a high- 
impedance state unless the module is 
selected , out puts are enabled, and write 
enable (WE) is HIGH. 


Logic Block Diagram 



Pin Conf 

N) PD 0 C 

2 

NCC 

4 

VccC 

6 

DI 0 C 

S 

DO 0 C 

10 

Ao ^ 

12 

A 2 C 

14 

A 4 c 

16 

AeC 

18 

GNDC 

20 

DUE 

22 

DO, C 

24 

me 

26 

a 9 c 

28 

C5 l C 

30 

NC C 

32 

NC C 

34 

VccC 

36 

di 2 c 

38 

do 2 c 

40 

A 10 ^ 

42 

Al 2 ^ 

44 

A 14 C 

48 

Ai 8 C 

48 

NC C 

50 

DI 3 C 

52 

D0 3 C 

54 

NC C 

56 

NC C 

58 

VssC 

80 


3 3 
5 3 
7 □ 
9 □ 
11 3 

13 P 
15 
17 
19 
21 
23 
25 
27 
29 


PD, (GND) 

NC 

DU 

D0 4 

NC 

Ai 

A 3 

As 

A 7 

DIs 

D0 6 

Vcc 

A 8 

NC 


3 CSu 

□ NC 

□ NC 

□ Dl 6 
3 DO e 

□ GND 

□ An 
A13 
A15 

- 1 Al7 
3 Dl 7 
53 21 D0 7 
65 □ Vcc 

□ NC 
P NC 
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1441PZ-25 

1441PZ-35 

1441PZ-45 

Maximum Access Time (ns) 

25 

35 

45 

Maximum Operating Current (mA) 

960 

960 

960 

Maximum Standby Current (mA) 

320 

320 

320 
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CYPRESS 

SEMICONDUCTOR 


PRELIMINARY CYM1441 


Maximum Ratings 

'Above which the useful life may be impaired) 


Storage Temperature -65°C to + 150 6 C 

Ambient Temperature with 

Power Applied -10°Cto +85°C 

Supply Voltage to Ground Potential -0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State -0.5V to + 7.0V 

DC Input Voltage -0.5V to + 7.0V 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to +70°C 

5V ± 10% 


Electrical Characteristics Over the Operating Range 


Parameters 

Description 

Test Conditions 

CYM1624PV 

Units 

Min. 

Max. 

Mdh 

Output HIGH Voltage 

Yfcc = Min., Ioh = “4-0 mA 

2.4 


V 

VOL 

Output LOW Voltage 

\^;c = Min., Iql = 12.0 mA 


0.4 

V 

Mh 

Input HIGH Voltage 


22 

Vcc 

V 

Ml 

Input LOW Voltage [1] 


-0.5 

0.8 

V 

Iix 

Input Load Current 

GND Vj .<_ Vcc 

-80 

80 

pA 

k>z 

Output Leakage Current 

GND <. Vo_<_ Vcc, Output Disabled 

-50 

50 

|xA 

k:c 

Vcc Operating 

Supply Current 

Vcc = Max., Iqut = 0 mA, 

CS <l\'i L 


960 

mA 

Isbi 


Vcc = Max., CS >. Vih , 

Min. Duty Cycle = 100% 


320 

mA 

ISB2 

Automatic CS Power- 
Down Current 

Vcc = Max., CS >. Vcc- 0.2V, 

Yin 2 . Vcc - 0.2V or 

V IN <.0.2V 


160 

mA 


Capacitance 131 


Parameters 

Description 

Test Conditions 

Max. 

Units 

ClN 

Input Capacitance 

T a = 25 °C, f = 1 MHz, 

70 

pF 

COUT 

Output Capacitance 

Vcc = 5.0V 

25 

pF 


Notes: 

L. V|L( M | N ) =-3.0V for pulse widths less than 20 ns. 2. Tested on a sample basis. 


\C Test Loads and Waveforms 


5V O 
OUTPUT O- 


4810. 


30 pF 

INCLUDING 
JIG AND 
SCOPE 


I i 


(a) 


5V O- 
OUTPUT O- 


481iL 

-wv — 


255 n 


5pFj 

INCLUDING 4 r 
JIG AND 
SCOPE 

(b) 


1 


3.0V- 


ALL INPUT PULSES 


255a 


GND 


£ 


5 ns 


90% 

10% 


I- 




90% 

10 % 


j£.5ns 
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Switching Characteristics Over Operating Range 131 


1441PZ-25 


PRELIMINARY CYM1441 


Parameters 


READ CYCLE 


Description 


1441PZ-35 


Read Cycle Time 


Address to Data Valid 


Data Hold from Address Change 


CS LOW to Data Valid 


CS LOW to Low Z 


T5 HIGH to High 


CS LOW to Power-Up 


CS HIGH to Power-Down 


WRITE CYCLE 



twc 

Write Cycle Time 

25 

tscs 

(3> LOW to Write End 

20 

tAW 

Address Set-Up to Write End 

20 

tHA 

Address Hold from Write End 

2 

tSA 

Address Set-Up from Write Start 

0 

l PWE 

"WE Pulse Width 

20 

tSD 

Data Set-Up to Write End 

15 

‘HD 

Data Hold from Write End 

0 

‘LZWE 

"WE HIGH to Low Z 

3 

tHZWE 

WE LOW to High Z [4) 

0 


3. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5V, input levels of 0 to 3.0V and output loading 
of the specified I ol /Ioh and 30-pF load capacitance. 

4. tnzcs and tnzwEare specified with C L = 5 pF as in part (b) of AC 
Test Loads. Transition is measured ±500 mV from steady state 
voltage. 

5. The inter nal w rite time of the memory is defined by the overlap of CS 
LOW and WE LOW. Both signals must be LOW to initiate a write and 

Switching Waveforms 

Read Cycle No. l l6,7] 



either signal can terminate a write by going HIGH. The data input 
set-up and hold timing should be referenced to the rising edge of the 
signal that terminates the write. 

WE is HIGH for read cycle. 

Device is continuously selected, CS = V 1L . 

Address valid prior to or coincident with CS transition low. 

If CS goes HIGH simultaneously with WE HIGH, the output remains 
in a high-impedance state. 
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CYPRESS 

SEMICONDUCTOR 


PRELIMINARY CYM1441 


Switching Waveforms (continued) 
Read Cycle No. 2 [6,8! 





1441-7 


iVrite Cycle No. 2 (CS Controlled) [5, 91 


ADDRESS ^ 

m t W c m 


i - 3 

t 

m *SA H 

* *scs * 

^ J 



S3 

A 

4 

m * HA - 


* w 

m We m 

C 1 



//////////////i 



\+ H Ihd 

DATA IN -5 

DATA-IN VALID 

DATA OUT DATA UNDEFINED 



1441-8 
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PRELIMINARY CYM1441 



Truth Table 


cs 

WE 

Inputs/Outputs 

Mode 

H 

X 

High Z 

Deselect/Power-Down 

L 

H 

Data Out 

Read Word 

L 

L 

Data In 

Write Word 

L 

H 

High Z 

Deselect 


Ordering Information 


Speed 

Ordering Code 

Package 

Type 

Operating 

Range 

25 

C YM 1441PZ-25C 

PZ04 

Commercial 

35 

CYM 1441PZ-35C 

PZ04 

Commercial 

45 

CYM 1441PZ-45C 

PZ04 

Commercial 


Document /: 38-M-00020 
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CYM1460 



Features 

• High-density 4-megabit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 35 ns 

• Low active power 
- 3.4W (max.) 

• Double-sided SMD technology 

• TTUcompatible inputs and outputs 

• Low profile version (PF) 

— Max. height of .345 in. 

• Small footprint SIP version (PS) 

— PCB layout area of 1.2 sq. in. 


Functional Description 

The CYM1460 is a high-performance 
4-megabit static RAM module organized 
as 512K words by 8 bits. This module is 
constructed from sixteen 32K x 8 SRAMs 
in plastic surface mount packages on an 
epoxy laminate board with pins. Two 
choices of pins are available for vertical 
(PS) or horizontal (PF) through-hole 
mounting. On-board decoding selects 
one of the sixteen SRAMs from the high- 
order address lines, keeping the remaining 
fifteen devices in standby mode for mini- 
mum power consumption. 

An active LOW write enable signal (WE) 
controls the writing/reading operation of 


the memory. When MS and WE inputs are 
both LOW, data on the eight data 
input/output pins is written into the 
memory location specified on the address 
pins. Reading the device is accomplished 
by selec ting the devic e and enabling the 
outp uts, MS and OE , active LOW, while 
WE remains inactive or HIGH. Under 
these conditions, the content of the loca- 
tion addressed by the information on the 
address pins is present on the eight data 
input/output pins. 

The input/output pins remain in a high- 
impedance state unless the module is 
selected , out puts are enabled, and write 
enable (WE) is HIGH. 



Selection Guide 



1460PS-35 

1460PF-35 

1460PS-45 

1460PF-45 

1460PS-55 

1460PF-55 

1460PS-70 

1460PF-70 

Maximum Access Time (ns) 

35 

45 

55 

70 

Maximum Operating Current (mA) 

625 

625 

625 

625 

Maximum Standby Current (mA) 

560 

560 

560 

560 
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CYPRESS 

SEMICONDUCTOR ; 


CYM1460 


Maximum Ratings 

(Above which the useful life may be impaired) 

Storage Temperature -65°C to + 150°C 

Ambient Temperature with 

Power Applied 0°Cto+70°C 

Supply Voltage to Ground Potential -0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State -0.5V to +7.0V 

DC Input Voltage -0.5V to + 7.0V 

Electrical Characteristics Over the Operating Range 


Operating Range 


Range 

Commercial 


Ambient 

Temperature 

0°C to +70°C 


Vcc 

5V ± 10% 



Description 


Test Conditions 


CYM1460 


Output HIGH Voltage 


Output LOW Voltage 


Input HIGH Voltage 


Input LOW Voltage 


Vcc = Min., Iqh = -4*0 mA 


Vcc = Min., Iql = 8.0 mA 


GND <_ Vi <. Vcc 


loz 

Output Leakage Current 

GND <. Vi ^ V C C 

Output Disabled 

Icc 

Vcc Operating 

Supply Current 

Vcc = Max., MS <. Vjl 

I OUT = 0 mA 

ISBl 

Automatic IMS 

Power-Down Current 

Max. VcCi MS _> Vjjj , 

Min. Duty Cycle = 100% 

ISB2 

Automatic MS 

Power-Down Current 

Max. Vcc> MS _>. Vcc - 0.2V, 

Vin V C c " 0.2V or 

Vin <. 0.2V 



Capacitance 1 


Parameters 

Description 

ClN 

Input Capacitance 

COUT 

Output Capacitance 


Test Conditions 


T A = 25 °C, f = 1 MHz 

V CC = 50V 


Max. 

Unit 

120 

pF 

180 

pF 


I 


Notes: 

1. Tested on a sample basis. 


AC Test Loads and Waveforms 

R1 481 XI 



ALL INPUT PULSES 

y~9o% 

10% 


Equivalent to: THEVENIN EQUIVALENT 
167n 
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Switching Characteristics Over the Operating Range 121 


Parameters 

Description 

I460PS-35 

1460PF-35 



1460PS-45 

1460PF-45 

1460PS-55 

1460PF-55 

1460PS-70 

1460PF-70 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

tRC 

Read Cycle Time 

35 


45 


55 


70 


ns 

tAA 

Address to Data Valid 


35 


45 


55 


70 

ns 

tOHA 

Data Hold from Address Change 

3 


3 


3 


3 


ns 

tAMS 

MS LOW to Data Valid 


35 


45 


55 


70 

ns 

tDOE 

OE LOW to Data Valid 


15 


20 


25 


30 

ns 

l LZOE 

OE LOW to Low Z 

0 


0 


0 


0 


ns 

tHZOE 

OE HIGH to High Z (3] 


15 


25 


25 


30 

ns 

tLZMS 

MS LOW to Low Zl 4 > 

5 


5 


5 


5 


ns 

tHZMS 

MS HIGH to High Z [3 ' 41 


15 


20 


25 


35 

ns 

WRITE CYCLE & 

twc 

Write Cycle Time 

35 


45 


55 


70 


ns 

tSMS 

MS LOW to Write End 

30 


40 


50 


60 


ns 

tAW 

Address Set-Up to Write End 

30 


40 


50 


60 


ns 

tHA 

Address Hold from Write End 

2 


5 


5 


5 


ns 

tSA 

Address Set-Up to Write Start 

5 


5 


5 


5 


ns 

tpWE 

WE Pulse Width 

25 


30 


40 


55 


ns 

tSD 

Data Set-Up to Write End 

15 


20 


25 


30 


ns 

tHD 

Data Hold from Write End 

2 


2 


2 


2 


ns 

tHZWE 

WE LOW to High Z [31 


15 


20 


25 


25 

ns 

tLZWE 

WE HIGH to Low Z 

3 


3 


3 


3 


ns 


Notes: 

2. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5V, input levels of 0 to 3.0V and output loading 
of the specified Ioi/Ioh and 30-pF load capacitance. 

3. t H zoE . tHZMS and t H zwE are specified with C L = 5 pF as in part (b) 
of AC Test Loads. Transition is measured ±500 mV from steady state 
voltage. 

4. At any given temperature and voltage condition, tnzMS is less than 
Ilzms for any given device. These parameters are guaranteed and not 
100% tested. 

5. The inter nal w rite time of the memory is defined by the overlap of MS 
LOW and WE LOW. Both signals must be LOW to initiate a write and 


either signal can terminate a write by going HIGH. The data input 
set-up and hold timing should be referenced to the rising edge of the 
signal that terminates the write. 

6. WE is HIGH for read cycle. 

7. Device is continuously selected. OE, MS = V| L . 

8. Address valid prior to or coincident with MS transition low. 

9. Data I/O is HIGH impedance if OE = Vjh- 

10. If MS goes HIGH simultaneously with WE HIGH, the output re- 
mains in a high-impedance state. 


Switching Waveforms 

Read Cycle No. I 17 ’ 81 


ADDRESS 


DATA OUT 



m t RC » 



< ? 



**— t M 

f* foHA 


1 


PREVIOUS DATA VALID ~p 


^ DATA VALID 


1460-5 
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CYM1460 




1460-8 
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CYM1460 



TVuth Table 


MS 

WE 

OE 

Input/Outputs 

Mode 

H 

X 

X 

High Z 

Deselect/Power-Down 

L 

H 

L 

Data Out 

Read 

L 

L 

X 

Data In 

Write 

L 

H 

H 

High Z 

Deselect 


Document t: 38-M-00004-A 


Ordering Information 


Speed 

Ordering Code 

Package 

Type 

Operating 

Range 

35 

C YM 1460PS-35C 

PS05 

Commercial 

CYM 1460PF-35C 

PF03 

45 

C YM 1460PS-45C 

PS05 

Commercial 

CYM 1460PF-45C 

PF03 

55 

CYM 1460PS-55C 

PS05 

Commercial 

CYM 1460PF-55C 

PF03 

70 

CYM 1460PS-70C 

PS05 

Commercial 

CYM 1460PF-70C 

PF03 
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CYPRESS 

SEMICONDUCTOR 


512K x 8 Static RAM 
Module 


Features 

• High-density 4-megabit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 70 ns 

• Low active power 
— 825 mW (max.) 

• Double-sided SMD technology 

• TTL-compatible inputs and outputs 

• Low profile version (PF) 

— Max. height of .315 in. 

• Small footprint SIP version (PS) 

— PCB layout area of 1.5 sq. in. 

• 2V data retention (L version) 


Functional Description 


The CYM1461 is a high-performance 
4-megabit static RAM module organized 
as 512K words by 8 bits. This module is 
constructed from sixteen 32K x 8 SRAMs 
in plastic surface mount packages on an 
epoxy laminate board with pins. Two 
choices of pins are available for vertical 
(PS) or horizontal (PF) through-hole 
mounting. On-board decoding selects 
one of the sixteen SRAMs from the high- 
order address lines keeping the remaining 
fifteen devices in standby mode for mini- 
mum power consumption. 

An active LOW write enable signal (WE) 
controls the writing/reading operation of 


the memory. When MS and WE inputs are 
both LOW, data on the eight data 
input/output pins is written into the 
memory location specified on the address 
pins. Reading the device is accomplished 
by select ing the devic e and enabling the 
outp uts, MS and OE active LOW, while 
WE remains inactive or HIGH. Under 
these conditions, the content of the loca- 
tion addressed by the information on the 
address pins is present on the eight data 
input/output pins. 

The input/output pins remain in a high- 
impedance state unless the module is 
selected , out puts are enabled, and write 
enable (WE) is HIGH. 



Selection Guide 



Maximum Access Time (ns) 


Maximum Operating Current (mA) 


Maximum Standby Current (mA) 


1461 PS-70 
1461PF-70 

1461PS-85 

1461PF-85 

1461PS-100 

1461PF-100 

70 

85 

100 

150 

150 

150 

50 

50 

50 
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CYM1461 


Maximum Ratings 

(Above which the useful life may be impaired) 

Storage Temperature -65°C to + 150°C 

Ambient Temperature with 

Power Applied 0°Cto +70°C 

Supply Voltage to Ground Potential -0.3V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State -0.3V to + 7.0V 


DC Input Voltage -0.3V to + 7.0V 

Output Current into Outputs (Low) 20 mA 

Electrical Characteristics Over the Operating Range 


Parameters 

Description 

Test Conditions 

CYM1461 

Units 

Min. 

Max. 

Voh 

Output HIGH Voltage 

Vcc = Min., Ioh = - L0 mA 

2.4 


n 

Vol 

Output LOW Voltage 

Vcc = Min., Iql = 2.0 mA 


0.4 

mm 

Mh 

Input HIGH Voltage 


2.2 

V C C +0.3 

mm 

Ml 

Input LOW Voltage 


-0.3 

00 

O 

mm 

Iix 

Input Load Current 

GND <.Vi <.Vcc 

-20 

+ 20 

M-A 

k)Z 

Output Leakage Current 

GND < V; < Vcc 

Output Disabled 

-20 

+ 20 

pA 

Icc 

V c c Operating 

Supply Current 

Vcc ~ Max., MS <_ Vjl 

I OUT = 0 mA 


150 

mA 

ISB1 


Max. Vcc > MS 2. Vjjj , 

Min. Duty Cycle = 100% 


50 

mA 

ISB2 

Automatic MS 

Power-Down Current 

Max. Vcc. MS 2 Vcc - 0.2V, 

Mn Mx “ 0.2V or 

Mn <• 0.2V 


32 

mA 


Capacitance 21 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Qn 

Input Capacitance 

T a = 25 °C, f = 1 MHz 

V CC = 5.0V 

100 

pF 

CqUT 

Output Capacitance 

100 

pF 


Notes: 

1. Tested on a sample basis. 

AC Test Loads and Waveforms 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to +70°C 

5V ± 10% 


R1 19230. 


R1 1923X1 


5V O 
OUTPUT O 


5 V O- 



ALL INPUT PULSES 



1461-4 


Equivalent to: THEVENIN EQUIVALENT 
667 a 

OUTPUT O wv O 


1.73V 
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SEMICONDUCTOR 


CYM1461 


Switching Characteristics Over the Operating Range 131 


Parameters 

Description 

1461PS-70 

1461PF-70 

1461PS-85 

1461PF-85 

146IPS-100 

1461PF-100 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

tRC 

Read Cycle Time 

70 


85 


100 


ns 

tAA 

Address to Data Valid 


70 


85 


100 

ns 

tOHA 

Data Hold from Address Change 

20 


20 


20 


ns 

tAMS 

MS LOW to Data Valid 


70 


85 


100 

ns 

tDOE 

OE LOW to Data Valid 


40 


50 


55 

ns 

l LZOE 

OE LOW to Low Z 

5 


5 


5 


ns 

tHZOE 

OE HIGH to High Z |4 ' 


35 


35 


40 

ns 

tLZMS 

MS LOW to Low Z [5! 

5 


5 


5 


ns 

tHZMS 

MS HIGH to High Z (4 ’ 51 


35 


35 


40 

ns 

WRITE CYCLE I 6 ’ 

twc 

Write Cycle Time 

70 


85 


100 


ns 

tSMS 

MS LOW to Write End 

70 


80 


85 


ns 

tAW 

Address Set-Up to Write End 

70 


80 


85 


ns 

tHA 

Address Hold from Write End 

5 


5 


5 


ns 

tSA 

Address Set-Up to Write Start 

5 


5 


5 


ns 

l PWE 

WE Pulse Width 

60 


65 


65 


ns 

*SD 

Data Set-Up to Write End 

35 


40 


45 


ns 

tHD 

Data Hold from Write End 

5 


5 


5 


ns 

tHZWE 

WE LOW to High Z 2 3 [4] 


30 


35 


40 

ns 

tLZWE 

WE HIGH to Low Z 

5 


5 


5 


ns 


Notes: 


The inter nal w rite time of the memory is defined by the overlap of MS 
LOW and WE LOW. Both signals must be LOW to initiate a write and 
either signal can terminate a write by going HIGH. The data input 
set-up and hold timing should be referenced to the rising edge of the 
signal that terminates the write. 

WE is HIGH for read cycle. 

Device is continuously selected. OE, MS = Vj L . 

Address valid prior to or coincident with MS transition low. 

Data I/O is HIGH impedance if OE = V IH . 


2. Test conditions assume signal transition times of 5 ns or less, timing 5. 

reference levels of 1.5V, input levels of 0 to 3.0V and output loading 

of the specified Ioi/Ioh an< f 30-pF load capacitance. 

3. t H zoE . Ihzms, and t HZWE are specified with Cl = 5 pF as in part (b) 

of AC Test Loads. Transition is measured ± 500 mV from steady state 
voltage. 6. 

4. At any given temperature and voltage condition, tnzMS is less than 7. 

Ilzms for any given device. These parameters are guaranteed and not g 

100% tested. Q 
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_ CYPRESS 
- SEMICONDUCTOR 


Data Retention Characteristics (L Version Only) 


Parameter 

Description 

Test Conditions 

CYM1461 

Units 

Min. 

Max. 

Mdr 

Vcc for Retention Data 

Vcc = 2.0V, 

CS j> V C c- 0.2V 

ViN-i Vcc- 0.2V 
or Vin <L 0.2V 

2.0 


V 

ICCDR 

Data Retention Current 


300 

mA 

l CDR (61 

Chip Deselect to Data Retention Time 

0 


ns 

t R [61 

Operation Recovery Time 

tRCt ? l 


ns 


Votes: 

10. tRc= Read Cycle Time. 12. Guaranteed, not tested. 

11. If MS goes HIGH simultaneously with WE HIGH, the output re- 
mains in a high-impedance state. 

Data Retention Waveform 


DATA RETENTION MODE 


fcDR 

4.5V“* 


Mjr — 2V 


4.5V 


“ '// / //7 

E — \ 

V, H 




' v IH 

VvWW 


1461-5 


Switching Waveforms 

lead Cycle No. 1 [8,91 



* Irc m 


ADDRESS ^ 

i } 



j. 11 

< 

X 

o 


i 


)ATA OUT 

PREVIOUS DATA VALID 


^ DATA VALID 


1461-6 

Read Cycle No. 2 1 9, 10 - “1 
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SEMS20NDUCT0R I 


Switching Waveforms (continued) 
Write Cycle No. 2 [9 - 101 



1461-8 


Write Cycle No. 2 (MS Controlled) (Ul 121 


ADDRESS 

m t W C 









3 




^ssBSe 



JMmWMJMWJWfM 

|*— 


H *hd 

DATA IN -3 

DATA-IN VALID -JR- 


l*““ l HZWE * 

1 

5 EDANCE 

DATA I/O DATA UNDEFINED 

' HIGH IMF 




1461 -£ 
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SEMICONDUCTOR 


CYM1461 


Truth Table 


153 

ial | 

EH 

Input/Outputs 

Mode 

n 

B 

B 


Deselect/Power-Down 

L 

■a 

L 

Data Out 

Read 

■a 

B 

B 

Data In 

Write 

n 

B 

B 

High Z 

Deselect 


Document #: 38-M-00005-A 


Ordering Information 


Speed 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

70 

CYM 146 1PS-70C 

PS01 

Commercial 

CYM 146 1LPS-70C 

CYM 146 1PF-70C 

PF01 

CYM 146 1LPF-70C 

85 

CYM1461PS-85C 

PS01 

Commercial 

CYM 146 1LPS-85C 

CYM 146 1PF-85C 

PF01 

CYM 146 1LPF-85C 

100 

CYM1461PS-100C 

PS01 

Commercial 

CYM1461LPS-100C 

CYM1461PF-100C 

PF01 

CYM1461LPF-100C 
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This is a partial data sheet. For complete data sheet, see Section 2, Static RAMs. 


CYPRESS 

SEMICONDUCTOR 


PRELIMINARY CYM1464 


512K x 8 SRAM Module 


Features 

• High-density 4-megabit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 45 ns 

• Low active power 

— 1.65W (max.) 

• JEDEC-compatible pinout 

• 32-pin, 0.6-inch-wide DIP package 

• TTL-compatible inputs and outputs 

• Low profile 

— Max. height of .34 in. 

• Small PCB footprint 

— 0.98 sq. in. 


Functional Description 

The CYM1464 is a high-performance 
4-megabit static RAM module organized 
as 512K words by 8 bits. This module is 
constructed using four 256K x 4 static 
RAMs in SOJ packages mounted on an 
epoxy laminate substrate with pins. A de- 
coder is used to interpret the higher-order 
address (Au) and to select two of the four 
RAMs. 

Writing to the module is accomplished 
when the chip select (CS) and write en- 
able (WE) inputs are both LOW. Data on 
the eight input/output pins (I/Oo through 
I/O7) of the device is written into the 


memory location specified on the address 
pins (Ao through A J8 ). Reading the device 
is accomplished by taking chip select (CS) 
and out put e nable (OE) LOW, while write 
enable (WE) remains inactive or HIGH. 
Under these conditions, the contents of 
the memory location specified on the ad- 
dress pins (Ao through Ai 8 ) will appear on 
the eight appropriate data input/output 
pins (I/Oo through I/O7). 

The input/output pins remain in a high- 
impedance state unless the module is 
selected , out puts are enabled, and write 
enable (WE) is HIGH. 


Logic Block Diagram 



1464-1 



Selection Guide 



1464PD-45 

1464PD-55 

1464PD-7© 

Maximum Access Time (ns) 

45 

55 

70 

Maximum Operating Current (mA) 

300 

300 

300 

Maximum Standby Current (mA) 

240 

240 

240 
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SEMICONDUCTOR 


256K x 9 Buffered SRAM 
Module with Separate I/O 


Features 

• High-density 2-megabit SRAM module 
with parity 

• High-speed CMOS SRAMs 
— Access time of 30 ns 

• Buffered address and control inputs 

• Low active power 
— 6.2W (max.) 

• SMD technology 

• TTL-compatible inputs and outputs 

• Low profile 

— Max. height of .52 in. 

• Small PCB footprint 


Functional Description 

The CYM1540 is a very high performance 
2-megabit static RAM module organized 
as 256K words by 9 bits. This module is 
constructed using nine 256K x 1 static 
RAMs in SOJ packages mounted on an 
epoxy laminate board with pins. Input 
buffers are provided on the address and 
control lines to reduce input capacitance 
and loading. 

Writing to the module is accomplished 
when the chip select (CS) and write en- 
able (WE) inputs are both LOW. Data on 
the data input pins (Dio through DI 8 ) of 


the device is written into the memory lo- 
cation specified on the address pins (Ao 
through Ai ? ). Reading the device is ac- 
complished by taking chip sele ct (CS) 
LOW, while write enable (WE) remains 
inactive or HIGH. Under these condi- 
tions, the contents of the memory loca- 
tion specified on the address pins (Ao 
through A 17 ) will appear on the appropri- 
ate data output pins (DO 0 through DO s ). 
The data output pins remain in a high- 
impedance state when chip se lect (CS) is 
HIGH or when write enable (WE) is 
LOW. 


1.6 sq. in. 

Logic Block Diagram 


Ao 




di 0 -di 8 



Pin Configuration 
SIP 


WE • 
di 5 - 

DOg- 

D ° 0 -DO a Die; 
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1540PF-30 

1540PS-30 

1540PF-35 

1540PS-35 

1540PF-45 

1540PS-45 

Maximum Access Time (ns) 

30 

35 

45 

Maximum Operating Current (mA) 

1125 

1125 

1125 

Maximum Standby Current (mA) 

350 

350 

350 
























CYPRESS 

SEMICONDUCTOR 


CYM1540 


Maximum Ratings 

(Above which the useful life may be impaired) 


Storage Temperature -45°C to + 125°C 

Ambient Temperature with 

Power Applied -10°Cto+85°C 

Supply Voltage to Ground Potential -0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State -0.5V to +7.0V 

DC Input Voltage -0.5V to + 7.0V 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to +70°C 

5V ± 10% 


Electrical Characteristics Over the Operating Range 


Parameters 

Description 

Test Conditions 

CYM1540PS 

Units 

Min. 

Max. 

Voh 

Output HIGH Voltage 

Vcc - Min., Ioh = -4.0 mA 

2.4 


V 

Vol 

Output LOW Voltage 

Vqc = Min., Iql = 8.0 mA 


0.4 

V 

Mha 

Input HIGH Voltage 

A 0 - A 17 ,CS, WE 


2.0 

6.0 

V 

Mhd 

Input HIGH Voltage 

Dio -Dig 


2.2 

6.0 

V 

Mla 

Input LOW Voltage 

Ao- A 17 , CS, WE 



0.8 

Hi 

Mld 

Input LOW Voltage 

DI 0 -Dig 


-0.5 

0.8 

V 

Mk 

Input Clamp Level 

Ao- A 17 , c?, WE 

Vcc = Min., Ijjsj = -18 mA 


- 1.2 

B 

Iil 

Input Load Current 

GND <. Vi <. Vcc 

-10 

+ 10 

|iA 

loz 

Output Leakage Current 

GND <. Vo<- Vcc. Output Disabled 

-10 

+ 10 

M-A 

Icc 

Vcc Operating Supply 
Current 

VCC = Max., I OUT = 0 mA, 

CS <_ Vil 


1125 

mA 

t SB1 

Automatic CS 

Power-Down Current [1 1 

V C c = Max., CS >. Vjpj , 

Min. Duty Cycle = 100% 


350 

mA 

ISB2 

Automatic CS 

Power-Down Current 111 

V CC = Max., CS j> V C c- 0 . 2 V, 

Vin ■> V C c - 0.2V or V m <. 0.2V 


230 

mA 


Capacitance 121 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Qn 

Input Capacitance 

T a = 25 °C, f = 1 MHz, 

V CC = 5.0V 

15 

pF 

Cqut 

Output Capacitance 

15 

pF 


Notes: 


1. A pull-up resistor to V cc on the CS input is required to keep the de- 2. Tested on a sample basis, 
vice deselected during power-up, otherwise Isb will exceed values 
given. 


AC Test Loads and Waveforms 


5V O- 
OUTPUT O- 


481 CL 

-Wv- 


5V O 
OUTPUT O 


INCLUDING 
JIG AND 
SCOPE 


X 

(a) 


30 pF 


255X1. 


481 X^ 



3.0V' 


255 Cl GND 


ALL INPUT PULSES 


3 


<.5 ns 


90% 

10 % 


I- 




90% 

10% 


ki.5 ns 
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CYPRESS 

SEMKTWDUCTOR 


CYM1540 


Switching Characteristics Over the Operating Range [3! 


Parameters 

Description 

1540PF-30 

1540PS-30 

1540PF-35 

1540PS-35 

1540PF-45 

1540PS-45 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

tRC 

Read Cycle Time 

30 


35 


45 


ns 

tAA 

Address to Data Valid 


30 


35 


45 

ns 

tOHA 

Data Hold from Address Change 

5 


5 


5 


ns 

tACS 

CS LOW to Data Valid 


30 


35 


45 

ns 

tLZCS 

CS LOW to Low Z 

5 


5 


5 


ns 

l HZCS 

HIGH to High 

3 

20 

3 

20 

3 

25 

ns 

tpu 

CS LOW to Power-Up 

3 


3 


3 


ns 

tPD 

CS HIGH to Power-Down 


30 


35 


45 

ns 

WRITE CYCLE > 3 4 5 1 

twc 

Write Cycle Time 

30 


35 


45 


ns 

tscs 

CS LOW to Write End 

20 


25 


35 


ns 

tAW 

Address Set-Up to Write End 

20 


25 


35 


ns 

tHA 

Address Hold from Write End 

4 


4 


5 


ns 

tSA 

Address Set-Up from Write Start 

5 


5 


5 


ns 

l PWE 

WE Pulse Width 

20 


25 


35 


ns 

tSD 

Data Set-Up to Write End 

20 


25 


35 


ns 

tHD 

Data Hold from Write End 

5 


5 


5 


ns 

tLZWE 

WE HIGH to Low Z 

3 


3 


3 


ns 

tHZWE 

WE LOW to High Z [4! 

3 

20 

3 

25 

3 

30 

ns 


Notes: 


3. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5V, input levels of 0 to 3.0V and output loading 
of the specified Iol/Ioh and 30-pF load capacitance. 

4. tuzcs and t HZ wr; are specified with Cl = 5 pF as in part (b) of 
AC Test Loads. Transition is measured ± 500 mV from steady state 
voltage. 

5 . The inter nal w rite time of the memory is defined by the overlap of CS 
LOW and WE LOW. Both signals must be LOW to initiate a write and 


either signal can terminate a write by going HIGH. The data input 
set-up and hold timing should be referenced to the rising edge of the 
signal that terminates the write. 

6. WE is HIGH for read cycle. 

7. Device is continuously selected, C3 = Vjl. 

8. Address valid prior to or coincident with C§ transition low. 

9. If CS goes HIGH simultaneously with WE HIGH, the output remains 
in a high-impedance state. 


Switching Waveforms 

Read Cycle No. 1 [6,71 
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CYTOESS 

SEMICONDUCTOR 


CYM1540 


TVuth Table 


gn 

kWai 

Data In 

Data Out 

Mode 

m 

B 

X 

High Z 

Deselect/Power-Down 

n 

B 

X 

Data Outfi_s 

Read 

a 

B 

Data In 0-8 

High Z 

Write 


Ordering Information 


Speed 

Ordering Code 

Package 

Type 

Operating 

Range 

30 

CYM1540PF-30C 

PF02 

Commercial 

C YM 1540PS-30C 

PS04 

35 

CYM1540PF-35C 

PF02 

Commercial 

CYM1540PS-35C 

PS04 

45 

CYM1540PF-45C 

PF02 

Commercial 

CYM1540PS-45C 

PS04 














This is a partial data sheet. For complete data sheet, see Section 2, Static RAMs. 


CYM1610 


CYPRESS 
SEMICONDUCTOR 


16K x 16 Static RAM 
Module 


Features 

• High-density 256-kbit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 12 ns 

• Low active power 

— 3W (max.) 

• Hermetic SMD technology 

• TTL-compatible inputs and outputs 

• Low profile 

— Max. height of .215 in. 

• Small PCB footprint 

— 1.2 sq. in. 

• JEDGC-defined pinout 

• Independent byte select 

• 2V data retention (L version) 


Functional Description 

The CYM1610 is a high-performance 
256-kbit static RAM module organized 
as 16K words by 16 bits. This module is 
constructed from four 16K x 4 SRAMs 
in leadless chip carriers mounted on a 
ceramic substrate with pins. 

Selecting the device is achieved by a chip 
select input pin as well as two byte select 
pins (UB, LB) for independently selecting 
upper or lower byte for read or write 
operations. 

Writing to the memory module is accom- 
plishe d wh en the chip select (CS), byte 
select (UB, LB) and write enable (WE) 
inputs are LOW. Data on the input/output 
pins of the selected byte (I/O g - I/O 15 , 


I/Oo - I/O7) is written into the memory 
location specified on the address pins (Ao 
through A13). 

Reading the device is accomplished by 
taking chip select (CS), byte select (UB, 
LB) and output enable (OE) LOW, while 
WE remains inactive or HIGH. Under 
these conditions, the contents of the 
memory location specified on the address 
pins will appear on the appropriate data 
input/output pins. 

The input/output pins remain in a hig h- 
impedance state when chip select (CS), 
byte select (UB, LB) or output enab le 
(OE) is HIGH, or write enable (WE) is 
LOW 


Logic Block Diagram 


A o 


- A 13 

US 

WE 

UF 


m 


LB 



I/O* - 1/0,5 


I/O* - i/o 7 


Pin Configuration 


DIP 

Top View 


Vcc C 


40 

□ Vcc 

use 

2 

39 

■MM 

1 / 0,5 c 

3 

38 

□ UB 

l/ 0, 4 C 

4 

37 

□ 15 

1/0,3 c 

5 

36 

□ NC 

1 / 0,2 C 

6 

35 

-3 A , 3 

I/O,, c 

7 

34 

H A, ? 

I/O 0 C 

8 

33 

□ A,, 

i/ 0 9 1 = 

9 

32 

^ A , 0 

i/o» c 

10 

31 

□ a 9 

GND C 

11 

30 

□ GND 

l/ 0 7 c 

12 

29 

□ a 8 

l/O s 1 = 

13 

28 

□ A 7 

I/O 5 C 

14 

27 

□ Ae 

I/O 4 C 

15 

26 

□ A 5 

I/O 3 C 

16 

25 

□ a 4 

l/ 0 2 e 

17 

24 

□ a 3 

I/O, 1 = 

18 

23 

□ a 2 

I/On c 

19 

22 

□ A, 

CJE c 

20 

21 

□ A 0 


1010-1 


1610-2 
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I610HD-12 

1610HD-15 

1610HD-20 

1610HD-25 

1610HD-35 

1610HD-45 

1610HD-50 

Maximum Access Time (ns) 

12 

15 

20 

25 

35 

45 

50 

Maximum Operating Current 
(mA) 

Com’l 

■111 

550 

330 

330 

330 

330 

330 

Mil 


550 

550 

360 

330 

330 

330 

Maximum Standby Current 
(mA) 

Com’l 

250 

250 

60 

60 

60 

60 

60 

Mil 


250 

250 

60 

60 

60 

60 


Shaded area contains preliminary information. 


8-36 



























































CYM1611 


CYPRESS 
SEMICONDUCTOR 


16K x 16 Static RAM 
Module 


Features 

• High-density 256-kbit SRAM module 

• High speed 

— Access time of 12 ns 

• 16-bit-wide organization 

• Low active power 

— 1.8W (max.) at 25 ns 

• Hermetic SMD technology 

• TTL-compatible inputs and outputs 

• Low profile 

— Max. height of 0.5 in. 

• Small PCB footprint 

— 0.4 sq. in. 

• 2V data retention (L version) 


Functional Description 

The CYM1611 is a very high performance 
256-kbit static RAM module organized 
as 16K words by 16 bits. The module is 
constructed from four 16K x 4 SRAMs in 
leadless chip carriers mounted on a ce- 
ramic substrate with pins. A vertical DIP 
format minimizes board space (footprint 
= 0.4 sq. in.) while still keeping a maxi- 
mum height of 0.5 in. 

Writing to the memory module is accom- 
plished when the chip select (CS) and 
write enable (WE) inputs are both LOW. 
Data on the sixteen input/output pins (D 0 
through Di 5 ) is written into the memory 


location specified on the address pins (Aq 
through A 13 ). 

Reading the device is accomplished by 
takin g chip select (CS) and output enable 
(OE) LOW, while WE remains inactive or 
HIGH. Under these conditions, the con- 
tents of the memory location specified on 
the address pins will appear on the sixteen 
data input/output pins. 

The input/output pins remain in a high- 
impedance state unless the module is 
selected , out puts are enabled, and write 
enable (WE) is HIGH. 


Logic Block Diagram 


Pin Configuration 


- a 13 
WE 



VDIP 
Top View 


D 0 
D i 
D 2 

d 3 

A o=, 
Al C 
A 2 C 
A 3 C 


D 4 d 


7 *— 


1 

36 

2 

35 

3 

34 

4 

33 

5 

32 

6 

31 

7 

30 

8 

29 

9 

28 

10 

27 

11 

26 

12 

25 

13 

24 

14 

23 

15 

22 

16 

21 

17 

20 

18 

19 


□ Vcc 

□ 

=1 
□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

=1 
□ 


D,5 

D,4 

Dl3 

D 12 

GND 

a i 3 

a 12 

A n 

Aio 

A9 

A 8 

D„ 

Dio 

D 9 

Db 


□ we 

□ OE 
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1611HV-12 

1611HV-15 

1611HV-20 

1611HV-25 

1611HV-30 

1611HV-35 

1611HV-45 

Maximum Access Time (ns) 

12 

15 

20 

25 

30 

35 

45 

Maximum Operating Current 
(mA) 

Commercial 

550 

550 

330 

330 

330 

330 

330 

Military 


550 

550 

330 

330 

330 

330 

Maximum Standby Current 
(mA) 

Commercial 

250 

250 

80 

80 

80 

80 

80 

Military 


lllllll 

250 

80 

80 

80 

80 


Shaded area contains preliminary information. 
























































CYM1611 


CYPRESS 

W SEMICONDUCTOR 

Maximum Ratings 


(Above which the useful life may be impaired) 


Storage Temperature -65 6 C to + 150°C 

Ambient Temperature with 

Power Applied -55 °C to + 125 °C 

Supply Voltage to Ground Potential -0.5V to +7.0V 

DC Voltage Applied to Outputs 

in High Z State -0.5V to + 7.0V 

DC Input Voltage -0.5V to + 7.0V 

Output Current into Outputs (Low) 20 mA 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to +70°C 

5V ± 10% 

Military 

-55 °C to + 125 °C 

5V ± 10% 


Electrical Characteistics Over the Operating Range 


Parameters 

Description 

Test Conditions 

CYM1611HV-12 
CYM1611HV-15 
CVM 161 1HV-20M 

CYM1611HV-20C 

CYM1611HV-25 

CYM1611HV-30 

CYM1611HV-35 

CYM1611HV-45 

Units 

Min. 

Max. 

Min. 

Max. 

VoH 

Output HIGH Voltage 

V cc ~ Min., Ioh = “4.0 mA 

2.4 


2.4 


V 

mbm 

Output LOW Voltage 

Vcc = Min., Iql = 8.0 mA 


0.4 


UB 

V 

mnm 

Input HIGH Voltage 


22 

Vcc 

22 

Vcc 

V 

V, L 

Input LOW Voltage 


. -0.5 

0.8 

-0.5 

— 

V 

Itx 

Input Load Current 

GND <.V, <.V CC 

-20 

+ 20 

-20 

+ 20 

pA 

loz 

Output Leakage Current 

GND <_ V[ <. Vcc. Output Disabled 

-20 

+ 20 

-20 

+ 20 

pA 

los 

Output Short Circuit 
Current [1] 

Vcc = Max., Vout = GND 

!■ 

-350 


-350 

mA 

Icc 

V cc Operating 

Supply Current 

Vcc = Max., Iout == 0 mA, 

cs^v IL 

BIH 

550 


330 

mA 

IsBl 

Automatic CS 
Power-Down Current 

Max. Vcci CS _> Vjh, 

Min. Duty Cycle — 100% 

|jj§ 

250 


80 

mA 

IsB2 

Automatic CS 
Power-Down Current 

Max. V cc ; CS^ V cc -0.3V, 

Vin >. Vcc - 0.3V or 

V, N <. 0.3V 

H 

■ 


80 

mA 


Shaded area contains preliminary information. 


Capacitance! 2 ! 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Cin 

Input Capacitance 

T a = 25 °C, f = 1 MHz 

V CC = 5-OV 

40 

pF 

CoUT 

Output Capacitance 

15 

pF 


Notes: 

1. Not more than 1 output should be shorted at one time. Duration of 2. Tested on a sample basis, 
the short circuit should not exceed 30 seconds. 


AC Test Loads and Waveforms 


5V O- 
OUTPUT O- 


R1 481il 
1 i R? 

•£30pFj^f 5 Xl 


R1 481 xi 


5V O- 
OUTPUT O- 


ALL INPUT PULSES 


I 

INCLUDING ■=■ — 

JIG AND 
SCOPE 

(a) 

Equivalent to: THEVENIN EQUIVALENT 


INCLUDING J- 
JIG AND 
SCOPE 

(b) 


1 

3.0V 

4^90% 

5 

L 90% 

$ R2 


f 10% 


> 

k 10% 

? 255X1 


1 




_L 

<_ 5 ns 

r 

-* 


^.5 ns 


OUTPUT O 


167X1 

-wv — 


-O 1.73V 
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CYPRESS 

SEMICONDUCTOR 


CYM1611 


Switching Characteristics Over the Operating Range [21 


Parameters 

Description 

CYM161IHY-12 

CYM1611HV-15 

CYM1611HV-20 

Units 

Min. | Max. 

Min. Max. 

Min. 

Max. 

READ CYCLE 

tRC 

Read Cycle Time 

12 


15 


20 


ns 

tAA 

Address to Data Valid 


12 


15 


20 

ns 

tOHA 

Data Hold from Address Change 

2 


2 : . 


5 


ns 

*ACS 

CS LOW to Data Valid 


. 12 


15 


20 

ns 

*DOE 

OE LOW to Data Valid 


10 


10 


10 

ns 

fLZOE 

OE LOW to Low Z 

2 


2 


3 


ns 

tHZOE 

OE HIGH to High Z M 


8 


8 


8 

ns 

tLZCS 

CS LOW to Low Z W 

3 




5 


ns 

tHZCS 

CS HIGH to High Z l 4, 5] 


8 


8 


8 

ns 

tpu 

CS LOW to Power-Up 

0 


0 


0 


ns 

tPD 

CS HIGH to Power-Down 


12 


15 


20 

ns 

WRITE CYCLE 161 

twc 

Write Cycle Time 

12 


15 


20 


ns 

tscs 

CS LOW to Write End 

10 . 


12 


15 


ns 

tAW 

Address Set-Up to Write End 

10 


12 


15 


ns 

tHA 

Address Hold from Write End 

2 


iillill 


2 


ns 

tSA 

Address Set-Up to Write Start 

Has 


0 


0 


ns 

tpWE 

WE Pulse Width 

10 


llllllll 


15 


ns 

tSD 

Data Set-Up to Write End 

10 


10 V 


10 


ns 

tHD 

Data Hold from Write End 

2 


iiitfii 


2 


ns 

tHZWE 

WE LOW to High Z 3 [4] 5 6 

3 




3 


ns 

tLZWE 

WE HIGH to Low Z 


7 

0 

7 

0 

7 

ns 


Shaded area contains preliminary information. 
Notes: 


3. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5V, input levels of 0 to 3.0V and output loading 
of the specified Iot/IoH and 30-pF load capacitance. 

4. tnzoE. tHzcs and tnzwE are specified with Cl = 5 pF as in part (b) of 
AC Tfest Loads Transition is measured ± 500 mV from steady state 
voltage. 

5. At any given temperature and voltage condition, tnzcs is less than 
Ilzcs f°r any given device. These parameters are guaranteed and not 
100% tested. 

6. The inter nal w rite time of the memory is defined by the overlap of CS 
LOW and WE LOW. Both signals must be LOW to initiate a write and 


either signal can terminate a write by going HIGH. The data input 
set-up and hold timing should be referenced to the rising edge of the 
signal that terminates the write. 

7. WE is HIGH for read cycle. 

8. Device is continuously selected. OE, CS = V|l- 

9. Address valid prior to or coincident with CS transition LOW. 

10. Data I/O is high impedance if OE = Vjh- 

1 2. If CS goes HIGH simultaneously with WE HIGH, the output remains 
in a high-impedance state. 
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Fjf CYPRESS 
■ F SEMKXDNDUCTOR ; 


CYM1611 



Switching Characteristics Over the Operating Range (continued) PI 


Description 


READ CYCLE 


Read Cycle Time 


Address to Data Valid 


Data Hold from Address Change 


CS LOW to Data Valid 


OE LOW to Data Valid 


OE LOW to Low Z 


tHZOE | OE HIGH to High Z [4] 


CS LOW to Low Z I5] 


CS HIGH to High Z 14, 51 


CS LOW to Power-Up 


CS HIGH to Power-Down 


WRITE CYCLE [6] 


1611HV-35 


twc 

Write Cycle Time 

20 

tscs 

CS LOW to Write End 

20 

Uw 

Address Set-Up to Write End 

20 

tHA 

Address Hold from Write End 

2 

tSA 

Address Set-Up to Write Start 

2 

tpWE 

WE Pulse Width 

20 

tSD 

Data Set-Up to Write End 

13 

tHD 

Data Hold from Write End 

2 

tHZWE 

WE LOW to High Z [4) 

0 

tLZWE 

WE HIGH to Low Z 

3 



Data Retention Characteristics (L Version Only) 


Parameter 

Description 

Test Conditions 

CYM1611 

Units 

Min. 

Max. 

Vdr 

Vcc f° r Retention of Data 

Vcc = 2.0V, 

CSj> Vcc- 0.2V 

Vin -> Vcc- 0.2V 
or Vin <■ 0.2V 

2.0 



ICCDR 

Data Retention Current 


4 

mA 

tCDR 

Chip Deselect to Data Retention Time 

0 


ns 

l R 

Operation Recovery Time 

tRC 1 ”) 


ns 

I U 

Input Leakage Current 


5 

pA 


Note: 

11. tRc = Read Cycle Time. 
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CYM1611 



CYPRESS 

SEMICONDUCTOR ; 


Data Retention Waveform 



Switching Waveforms 

Read Cycle No. I 17, 81 



+ Iro * 


\DDRESS ^ 

< ) 



* <AA' 

P *OHA *| 


i 


•ATAOUT PREVIOUS DATA VALID -4 


^ DATA VALID 


1611-6 


Read Cycle No. 2 [7,9) 
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CYPRESS 

SEMICONDUCTOR 


CYM1611 


Truth Table 


cs 

WE 

OE 

Input/Outputs 

Mode 

H 

X 

X 

High Z 

Deselect/Power-Down 

L 

H 

L 

Data Out 

Read 

L 

L 

X 

Data In 

Write 

L 

H 

H 

High Z 

Deselect 


Ordering Information 


Speed 

Ordering Code 

Package 

Type 

Operating 

Range 

12 

CYMI611HV-12C 

HV01 

Commercial 

15 

CYM1611HV-15C 

HV01 

Commercial 

CYM1611HV-15M 

HV01 

Military 

20 

CYM1611HV-20C 

HV01 

Commercial 

CYM1611LHV-20C 

HV01 

CYM1611HV-20M 

HV01 

Military 

25 

CYM1611HV-25C 

HV01 

Commercial 

CYM1611LHV-25C 

HV01 

CYM1611HV-25M 

HV01 

Military 

CYM 161 1LHV-25M 

HV01 

30 

CYM1611HV-30C 

HV01 

Commercial 

CYM 16 1 1LHV -30C 

HV01 

CYM 16 1 1HV -30M 

HV01 

Military 

CYM 161 1LH V -30M 

HV01 

35 

CYM1611HV-35C 

HV01 

Commercial 

CYM1611LHV-35C 

HV01 

CYM 161 1H V -35M 

HV01 

Military 

CYM1611LHV-35M 

HV01 

45 

CYM1611HV-45C 

HV01 

Commercial 

CYM1611LHV-45C 

HV01 

CYM1611HV-45M 

HV01 

Military 

CYM1611LHV-45M 

HV01 


Shaded area contains preliminary information. 
Document #: 38-M-00007-A 








































































This is a partial data sheet. For complete data sheet, see Section 2, Static RAMs. 

CYM1620 

CYPRESS 


SEMICONDUCTOR 


64K x 16 Static RAM 
Module 


Features 

• High-density 1-megabit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 30 ns 

• 40-pin, 0.6-inch-wide DIP package 

• JEDEC-compatible pinout 

• Low active power 
— 1.9W (max.) 

• Hermetic SMD technology 

• TTL-compatible inputs and outputs 

• Commercial and military 
temperature ranges 


Functional Description 

The CYM1620 is a very high performance 
1-megabit static RAM module organized 
as 64K words by 16 bits. The module is 
constructed using four 32K x 8 static 
RAMs in leadless chip carriers mounted 
onto a double-sided multilayer ceramic 
substrate. A decoder is used to interpret 
the higher-order address A 1S and select 
one of the two pairs of RAMs. 

Writing to the memory module is accom- 
plishe d wh en the chip select (CS), byte 
select (UB, LB) and write enable (WE) 
inputs are both LOW. Data on the 
input/output pins of the selected byte 
(I/O s - 1/0 18 , 1/O 0 - 1/0 7 ) is written into 


the memory location specified on the 
address pins (A<, through A 1B ). 

Reading the device is accomplishe d by 
talcing chip select (CS), byte select (UB, 
LB) and output enable (OE) LOW, while 
WE remains inactive or HIGH. Under 
these conditions, the contents of the 
memory location specified on the address 
pins will appear on the appropriate data 
input/output pins. 

The input/output pins remain in a high- 
impedance state wh en chip select (CS), 
byte select (UB, LB) or output enab le 
(OE) is HIGH, or write enable (WE) is 
LOW. 


Logic Block Diagram 



I/Os - l/0 15 


I/Ob - i/o 7 


Pin Configuration 


DIP 

Top View 


c 

1 • 

40 

c 

2 

39 

c 

3 

38 

c 

4 

37 

c 

6 

36 

c 

6 

35 

c 

7 

34 

c 

8 

33 

c 

9 

32 

c 

10 

31 

c 

11 

30 

c 

12 

29 

c 

13 

28 

c 

14 

27 

c 

15 

26 

1= 

16 

25 

c 

17 

24 

c 

18 

23 

c 

19 

22 

c 

20 

21 


1620-1 


1620-2 


Selection Guide 



1620HD-30 

1620HD-35 

1620HD-45 

1620HD-55 

Maximum Access Time (ns) 

30 

35 

45 

55 

Maximum Operating Current (mA) 

Commercial 

340 

340 

340 

340 

Military 



340 

340 

Maximum Standby Current (mA) 

Commercial 

140 

140 

140 

140 

Military 



140 

140 
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CYM1621 


CYPRESS 
SEMICONDUCTOR 


64K x 16 Static RAM 
Module 


Features 

• High-density 1-megabit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 20 ns 

• Customer configurable 

— x4, x8, xl6 

• Low active power 

— 6.8W (max.) 

• Hermetic SMD technology 

• TTL-compatible inputs and outputs 

• Low profile 

— Max. height of .270 in. 

• Small PCB footprint 

— 2 sq. in. 

• 2V data retention (L version) 


Functional Description 

The CYM1621 is a high-performance 
1-megabit static RAM module organized 
as 64K words by 16 bits. This module is 
constructed from sixteen 64K x 1 SRAMs 
in leadless chip carriers mounted on a ce- 
ramic substrate with pins. Four separate 
CS pins are used to control each 4-bit 
nibble of the 16-bit word. This feature 
permits the user to configure this module 
as either 256K x 4, 128K x 8 or 64K x 16 
organization through external decoding 
and appropriate pairing of the outputs. 
Writing to the device is accomplished 
when t he ch ip select (CSxx) and write 
enable (WE) inputs are both LOW. Data 
on the data lines (Dx) is written into the 


memory location specified on the address 
pins (A o through A, 5 ). 

Reading the device is accomplished by 
taking the ch ip se lect (CS^) LOW, while 
write enable (WE) remains HIGH. Under 
these conditions the contents of the mem- 
ory location specified on the address pins 
will appear on the data lines (Dx). 

The data output is in the high-impedance 
state when c hip en able (CSxx) is HIGH or 
write enable (WE) is LOW. 

Power is consumed in each 4-bit nibble 
only when the appropriate CS is enabled, 
thus reducing power in the x4 or x8 mode. 


Logic Block Diagram 


Pin Configuration 


Ao~Al5 

WE 

CSq-3 


CS4-7 




DSl2-1 



Vcc 

Du 


£S>8-11 

Do 


A o 

A 13 

Dio 

A 12 

D, 

A n 

A 10 

D 9 


Ag 
D 2 
A 8 
A 7 

d 8 

^So-3 

D 3 

GND 


1621-1 


1621-2 


Selection Guide 



1621HD-20 

1621HD-25 

1621HD-30 

1621HD-35 

1621HD-45 

Maximum Access Time (ns) 

20 

25 

30 

35 

45 

Maximum Operating Current (mA) 

Commercial 

1250 

1250 

1250 

1250 

1250 

Military 


1250 

1250 

1250 

1250 

Maximum Standby Current (mA) 

Commercial 

320 

320 

320 

320 

320 

Military 


320 

320 

320 

320 
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CYPRESS 

SEMICONDUCTOR 


CYM1621 


Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 

Storage Temperature -65°C to + 1S0°C 

Ambient Temperature with 

Power Applied -55 °C to + 125 °C 

Supply Voltage to Ground Potential -0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State -0.5V to + 7.0V 

DC Input Voltage -0.5V to + 7.0V 

Output Current into Outputs (Low) 20 mA 

Electrical Characteristics Over the Operating Range 


Parameters 

Description 

Test Conditions 

CYM1621HD 

Units 

Min. 

Max. 

VOH 

Output HIGH Voltage 

Vqc = Mia, Ioh = -4-0 mA 

24 


V 

VOL 

Output LOW Voltage 

Vcc = Min., Iql = 8.0 mA 


0.4 

V 

Mh 

Input HIGH Voltage 


2.2 

Vcc 

V 

Ml 

Input LOW Voltage 


-0.5 

0.8 

V 

Iix 

Input Load Current 

GND <. Vi <. Vcc 

-20 

+ 20 

pA 

to z 

Output Leakage Current 

GND <. Vo <. VCC, Output Disabled 

-20 

+ 20 

pA 

tos 

Output Short Circuit 
Current 111 

Vx — Max., Vout = GND 


-350 

mA 

toCxl6 

Vcc Operating Supply 
Current by 16 mode 

Vcc = Max., IoUT = 0 mA 

CSxx <- Vil 


1250 

mA 

tocxs 

Vcc Operating Supply 
Current by 8 mode 

Vcc = Max., I OUT = 0 mA 

CSxx <- Vil 


850 

mA 

tocx4 

Vcc Operating Supply 
Current by 4 mode 

Vcc = Max., IoUT = 0 mA 

CSxx < Vil 


650 

mA 

IsBI 

Automatic CS 

Power-Down Current [2] 

Max. Vcc, CSxx -£. Vffl 

Min. Duty Cycle = 100% 


320 

mA 

ISB2 

Automatic CS 

Power-Down Current 121 

Max. Vcc > CSxx -> Vcc ~ 0.3V, 

Vin .> Vcc - 0.3V or Vin j< 0.3V 


320 

mA 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to +70°C 

5V ± 10% 

Military! 4 ! 

-55 °C to + 125 °C 

5V ± 10% 


Capacitance! 3 ! 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Cin 

Input Capacitance 

T a = 25°C, f = 1 MHz 

V CC = 5.0V 

130 

pF 

CoUT 

Output Capacitance 

15 

pF 


Notes: 

1. Not more than 1 output should be shorted at one time. Duration of the 
short circuit should not exceed _30 seconds. 

2. A pull-up resistor to \£ c on the CS input is required to keep the device 
deselected during \fcc power-up, otherwise Isb will exceed values 
given. 


3. Tested initially and after any design or process changes that may affect 
these parameters. 

4. Ta is the “instant on” case temperature. 











































































CYPRESS 

SEMKXNDUCTOR 


CYM1621 


Switching Characteristics Over the Operating Range 151 


Parameters 

Description 



1621HD-20 

1621HD-25 

1621HD-30 

1621HD-35 

1621HD-45 

Unit 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

tRC 

Read Cycle Time 

20 


25 


30 


35 


45 


ns 

*AA 

Address to Data Valid 


20 


25 


30 


35 


45 

ns 

tOHA 

Output Hold from Address Change 

5 


5 


5 


5 


5 


ns 

tACS 

CS LOW to Data Valid 


20 


25 


30 


35 


45 

ns 

l LZCS 

CS LOW to Low Z (7 > 

5 


5 


5 


5 


5 


ns 

tHZCS 

CS HIGH to High Zl 6 - 7 ' 


10 


20 


25 


30 


30 

ns 

tpu 

CS LOW to Power-Up 

0 


0 


0 


0 


0 


ns 

tpD 

CS HIGH to Power-Down 


20 


25 


30 


35 


35 

ns 

WRITE CYCLE M 

twc 

Write Cycle Time 

20 


25 


30 


35 


45 


ns 

tscs 

CS LOW to Write End 

15 


22 


25 


30 


40 


ns 

tAW 

Address Set-Up to Write End 

15 


22 


25 


30 


40 


ns 

tHA 

Address Hold from Write End 

0 


0 


0 


0 


0 


ns 

tSA 

Address Set-Up to Write Start 

2 


2 


3 


5 


5 


ns 

tpWE 

WE Pulse Width 

16 


20 


20 


25 


30 


ns 

tSD 

Data Set-Up to Write End 

10 


15 


20 


20 


25 


ns 

tHD 

Data Hold from Write End 

2 


3 


5 


5 


5 


ns 

tLZWE 

WE HIGH to Low Zt 7 l 

5 


5 


5 


5 


5 


ns 

tHZWE 

WE LOW to High Z (6 ’ 71 

0 

20 

0 

20 

0 

25 

0 

25 

0 

25 

ns 


Notes: 

5. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5 V, input levels of 0 to 3.0 V and output loading of 
the specified I OL /IoH an< J 30-pF load capacitance. 

6. t HZCS and t HZWE are specified with C L = 5 pFas in part (b) of AC Test 
Loads. Transition is measured ± 500 mV from steady state voltage. 

7. At any given temperature and voltage condition, t HZCS is less than 
t LZCS for any given device. 

8. The inter nal w rite time of the memory is defined by the overlap of CS 
LOW and WE LOW. Both signals must be LOW to initiate a write and 


either signal can terminate a write by going HIGH. The data input 
set-up and hold timing should be referenced to the rising edge of the 
signal that terminates the write. 

9. WE is HIGH for read cycle. 

10. Device is continuously selected, CS = Vjl. 

11. If CS goes HIGH simultaneously with WE HIGH, the output remains 
in a high-impedance state. 


\C Test Loads and Waveforms 


R1 329X1 
(481 XI MIL) 
5V O — 1 — wv 1 


OUTPUT O- 


X 


30 pF 


5 V O 

OUTPUT O 
R2 

202 XI 

(255X1 MIL) 


R1 329X1 
(481 XI MIL) 


ALL INPUT PULSES 


INCLUDING 
JIG AND 
SCOPE 

(a) 



3.0V' 


GND 


7 


5 ns 


INCLUDING 
JIG AND 
SCOPE 
(b) 


90% 

10% 






90% 

10% 


n~.£.5ns 


Equivalent to: THEVENIN EQUIVALENT 
167xi 

OUTPUT O wv O 1.73V 


Military 


OUTPUT O- 


125X1 

-wv — 


Commercial 


-O 1.90V 









































































































































































Data Retention Characteristics (L Version Only) 


Parameter 

Description 

VbR 

Vcc for Retention of Data 

ICCDR 

Data Retention Current 

k?DR 

Chip Deselect to Data Retention Time 

*R 

Operation Recovery Time 

iu 

Input Leakage Current 


Notes: 

12. tac = Read Cycle Time. 

Data Retention Waveform 




v cc 

*CDR 

4.5V"' 

s 




' 


Switching Waveforms i‘°i 

Read Cycle No. l’ 9, 101 


ADDRESS 



Irc — 


■*) 

till A Jl II 


DATA OUT 


PREVIOUS DATA VALID 


CYM1621 


CYM1621 


Min. 


Max. 


Units 





























Switching Waveforms (continued) 
Read Cycle No. 2 [9, 101 


Vcc 

SUPPLY 

CURRENT 


Write Cycle No. 1 (WE Controlled) [8) 












CYPRESS 

SEMODNDUCTOR 


CYM1621 


Truth Table Ordering Information 


CSxx 

WE 

Input/Outputs 

Mode 

H 

X 

High Z 

Deselect/Power-Down 

L 

H 

Data Out 

Read 

L 

L 

Data In 

Write 


Speed 

Ordering Code 

Package 

Type 

Operating 

Range 

20 

CYM1621HD-20C 

HD02 

Commercial 

CYM 1621LHD-20C 

HD02 

25 

CYM 1621HD-25C 

HD02 

Commercial 

CYM1621LHD-25C 

HD02 

CYM1621HD-25MB 

HD02 

Military 

CYM 1621LHD-25MB 

HD02 

30 

CYM1621HD-30C 

HD02 

Commercial 

CYM 1621LHD-30C 

HD02 

CYM 1621HD-30MB 

HD02 

Military 

CYM 1621LHD-30MB 

HD02 

35 

CYM 1621HD-35C 

HD02 

Commercial 

CYM1621LHD-35C 

HD02 

CYM 1621HD-35MB 

HD02 

Military 

CYM 1621LHD-35MB 

HD02 

45 

CYM1621HD-45C 

HD02 

Commercial 

CYM 1621LHD-45C 

HD02 

CYM 1621HD-45MB 

HD02 

Military 

CYM 1621LHD-45MB 

HD02 
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PRELIMINARY CYM1622 



Features 

• High-density 1-megabit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 25 ns 

• Low active power 

- 2.2W (max.) 

• SMD technology 

• TTL-compatible inputs and outputs 

• Pinout-compatible with CYM1611 and 
CYM1624 

• Low profile 

— Max. height of .50 in. 

» Small PCB footprint 

— 0.5 sq. in. 


Functional Description 

The CYM1622 is a very high performance 
1-megabit static RAM module organized 
as 64K words by 16 bits. This module is 
constructed using four 64K x 4 static 
RAMs in LCC packages mounted on a 
ceramic substrate with pins. The pinout of 
this module is compatible with two other 
Cypress modules (CYM1611 and 
CYM1624) to maximize system 
flexibility. 

Writing to the module is accomplished 
when the chip select (CE) and write en- 
able (WE) inputs are both LOW. Data on 
the sixteen input/output pins (I/Oo 
through I/O 15 ) of the device is written 


into the memory location specified on the 
address pins (Ao through A15). 

Reading the device is accomplished by 
taking chip select (CS) and o utput enable 
OE) low, while write enable (WE) re- 
mains inactive or HIGH. Under these 
conditions, the contents of the memory 
location specified on the address pins (Ao 
through A 15 ) will appear on the appropri- 
ate data input/output pins (I/O 0 through 
I/0 15 ). 

The input/output pins remain in a high- 
impedance state unless the module is se- 
lecte d, ou tputs are enabled, and write en- 
able (WE) is HIGH. 



Selection Guide 

1622HV-25 1622HV-35 1622HV-45 

Maximum Access Time (ns) 25 35 45 

Maximum Operating Current (mA) 400 400 400 

Maximum Standby Current (mA) 140 140 140 
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PRELIMINARY CYM1622 


Maximum Ratings 

(Above which the useful life may be impaired) 

Storage Temperature -65°C to + 150°C 

Ambient Temperature with 

Power Applied -10°Cto +80°C 

Supply Voltage to Ground Potential -0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State -0.5V to + 7.0V 

DC Input Voltage -0.5V to + 7.0V 

Output Current into Outputs (Low) 20 raA 


Operating Range 


Range 

Commercial 


Ambient 

Temperature 

0°C to +70°C 


Electrical Characteristics Over the Operating Range 


Parameters 


Description 


Test Conditions 


CYM1624PV 



Output HIGH Voltage 


Output LOW Voltage 


Input HIGH Voltage 


Input LOW Voltage [13 


Input Load Current 


Output Leakage Current 


Vqc = Min., Iqh = -4.0 mA 


Vqc = Min., Iql = 8.0 mA 



GND <. Vi <. V C C 


GND <. Vq.< Vcc» Output Disabled 


Vcc Operating 
Supply Current 


Vrr = Max., I out = 0 mA > 
CS <.V IL 


Automatic CS Power- 
Down Current 


Vcc = Max., CS >. Vih, 
Min. Duty Cycle = 100% 


Vcc = Max., CS _> Vcc - 0.2V. 
Vjisi _> \^;c - 0.2V or 
V IN <_ 0.2V 


Capacitance^ 


1. V IL ( MIN j =-3.0V for pulse widths less than 20 ns. 


2. Tested on a sample basis. 


AC Test Loads and Waveforms 

481 n. 


Vcc 

5V ± 10% 




ALL INPUT PULSES 


JIG AND 
SCOPE 


JIG AND 
SCOPE 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Qn 

Input Capacitance 

T A = 25 °C, f = 1 MHz, 

35 

pF 

COUT 

Output Capacitance 

V CC = 5.0V 

15 

pF 
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CYPRESS 

SEMK20NDUCTCR 


PRELIMINARY CYM1622 


Switching Characteristics Over the Operating Range [3] 


Parameters 

Description 

1622HV-25 

1622HV-35 

1622HV-45 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

tRC 

Read Cycle Time 

25 


35 


45 


ns 

tAA 

Address to Data Valid 

25 


35 


45 


ns 

tOHA 

Data Hold from Address Change 

3 


3 


3 


ns 

tACS 

CS LOW to Data Valid 

25 


35 


45 


ns 

tDOE 

OE LOW to Data Valid 


15 


25 


30 

ns 

tLZOE 

OE LOW to Low Z 

0 


0 


0 


ns 

tHZOE 

OE HIGH to High Z 


15 


20 


20 

ns 

tLZCS 

CS LOW to Low Z 

3 


3 


3 


ns 

tHZCS 

CS HIGH to High Z [4] 


15 


20 


20 

ns 

tpu 

CS LOW to Power-Up 

0 

25 

0 

35 

0 

45 

ns 

tpD 

CS HIGH to Power-Down 


25 


35 


45 

ns 

WRITE CYCLE 

twc 

Write Cycle Time 

25 


35 


45 


ns 

tscs 

CS LOW to Write End 

20 


30 


40 


ns 

tAW 

Address Set-Up to Write End 

20 


30 


40 


ns 

l HA 

Address Hold from Write End 

3 


3 


3 


ns 

tSA 

Address Set-Up from Write Start 

2 


2 


2 


ns 

tpWE 

WE Pulse Width 

20 


25 


30 


ns 

tSD 

Data Set-Up to Write End 

15 


20 


25 


ns 

tHD 

Data Hold from Write End 

2 


2 


2 


ns 

tLZWE 

WE HIGH to Low Z 

0 


0 


0 


ns 

tHZWE 

WE LOW to High Z l4] 

0 

15 

0 

15 

0 

20 

ns 


set-up and hold timing should be referenced to the rising edge of the 
signal that terminates the write. 

WE is HIGH for read cycle. 

Device is continuously selected, CS = Ml- 

Address valid prior to or coincident with CS transition LOW. 

If CS goes HIGH simultaneously with WE HIGH, the output remains 
in a high-impedance state. 


Switching Waveforms 

Read Cycle No. 1 (6, 7] 



3. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5V, input levels of 0 to 3.0V and output loading 

of the specified Iol^oh and 30-pF load capacitance. ^ 

4. tnzcs and tnzwE are specified with C L = 5 pF as in part (b) of ^ 

AC Test Loads. Transition is measured ± 500 mV from steady state 
voltage. 8. 

5. The inter nal w rite time of the memory is defined by the overlap of CS 9. 

LOW and WE LOW. Both signals must be LOW to initiate a write and 

either signal can terminate a write by going HIGH. The data input 


1622-5 
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PRELIMINARY CYM1622 



Switching Waveforms (continued) 
Read Cycle No. 2 l6,8] 




8 - 5 - 










PRELIMINARY CYM1622 



Ordering Information 


Speed 

Ordering Code 

Package 

Type 

Operating 

Range 

25 

CYM1622HV-25C 

HV03 

Commercial 

35 

CYM 1622HV-35C 

HV03 

Commercial 

45 

CYM 1622HV-45C 

HV03 

Commercial 


Document t : 38-00010 
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'M CYPRESS 


This is a partial data sheet. For complete data sheet, see Section 2, Static RAMs. 

CYM1623 


SEMICONDUCTOR 


64K x 16 Static RAM 
Module 


Features 

• High-density 1-megabit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 70 ns 

• 40-pin, 0.6-in.-wide DIP package 

• JEDEC-compatible pin-out 

• Low active power 
- 1.3W (max.) 

• Hermetic SMD technology 

• TTL-compatible inputs and outputs 

• 2V data retention (L version) 


Functional Description 

The CYM1623 is a high-performance 
1-megabit static RAM module organized 
as 64K words by 16 bits. The module is 
constructed using four 32K x 8 static 
RAMs in leadless chip carriers mounted 
onto a double-sided multilayer ceramic 
substrate. A decoder is used to interpret 
the higher-order address A I5 and to select 
one of the two pairs of RAMs. 

Writing to the memory module is accom- 
plishe d wh en the chip select (CS), byte 
select (UB, LB) and write enable (WE) 
inputs are both LOW. Data on the 
input/output pins of the selected byte 


(I/Og - I/Ois, I/Oo - I/0 7 ) is written into 
the memory location specified on the 
address pins (Ao through A 15 ). 

Reading the device is accomplishe d by 
taking chip select (CS), byte select (UB, 
LB) and output enable (OE) LOW, while 
WE remains inactive or HIGH. Under 
these conditions, the contents of the 
memory location specified on the address 
pins will appear on the appropriate data 
input/output pins. 

The input/output pins remain in a high- 
impedance state when chip select (CS), 
byte select (UB, LB) or output enab le 
(OE) is HIGH, or write enable (WE) is 
LOW 


Logic Block Diagram 



i/o 0 - i/o 7 


l/0 8 - 1/0,5 


*15 

u 

1 / 0,5 

1/0,4 

1/0,3 

1 / 0,2 

I/O,, 

1 / 0,0 

l/ 0 9 

i/0 8 

GND 


l/ 0 5 

l/ 0 4 

l/ 0 3 

l/ 0 2 

I/O, 

l/0 Q 


’in Configuration 



DIP 

Top View 



c 

1 * 


40 

□ Vcc 

c 

2 


39 

□ WE 

c 

3 


38 


c 

4 


37 

□ 15 

C 

5 


36 

ID A 14 

c 

6 


35 

□ A,3 

c 

7 


34 

□ A,2 

E= 

8 


33 

□ A,, 

C 

9 


32 

A, 0 

C 

10 


31 

□ a 9 

c 

11 


30 

□ GND 

c 

12 


29 

□ a 8 

c 

13 


28 

□ a 7 

c 

14 


27 

□ a 6 

c 

15 


26 

□ a 5 

c 

16 


25 

□ a 4 

c 

17 


24 

I] a 3 

c 

18 


23 

□ a 2 

c 

19 


22 

□ A, 

c 

20 


21 

□ A 0 


Selection Guide 



1623HD-70 

1623HD-85 

1623HD-100 

Maximum Access Time (ns) 


70 

85 

100 

Maximum Operating Current (mA) 

Commercial 

240 

240 

240 

Maximum Standby Current (mA) 

Commercial 

70 

70 

70 
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CYM1624 


CYPRESS 
SEMICONDUCTOR 


64K x 16 SRAM Module 


Features 

• High-density 1-megabit SRAM module 

* High-speed CMOS SRAMs 
— Access time of 25 ns 

» Low active power 

- 2.75W (max.) 

» SMD technology 

» TTL-compatible inputs and outputs 
» Pin layout compatible with CYM1611 
and CYM1622 

* Low profile 

— Max. height of .54 in. 

• Small PCB footprint 

— 0.7 sq. in. 


Functional Description 

The CYM1624 is a very high performance 
1-megabit static RAM module organized 
as 64K words by 16 bits. This module is 
constructed using four 64K x 4 static 
RAMs in SOJ packages mounted on an 
epoxy laminate board with pins. The 
pinout of this module is compatible with 
two other Cypress modules (CYM1611 
and CYM1622) to maximize system 
flexibility. 

Writing to the module is accomplished 
when the chip select (CE) and write en- 
able (WE) inputs are both LOW. Data on 
the sixteen input/output pins (I/O 0 
through I/O15) of the device is written 


into the memory location specified on the 
address pins (Ao through A 15 ). 

Reading the device is accomplished by 
taking c hip s elect (CS) LOW, while write 
enable (WE) remains inactive or HIGH. 
Under these conditions, the contents of 
the memory location specified on the ad- 
dress pins (Ao through A 15 ) will appear on 
the appropriate data input/output pins 
(I/O 0 through I/0 15 ). 

The data input/output pins remain in a 

high-impedance state when chip select 

(CS) is HIGH or when write enable (WE) 
is LOW. 


Logic Block Diagram 


A 0 - A 15 
WE 


£5 



|/O 0 -l/0 15 


1624-1 


Pin Configuration 

Plastic VDIP 


l/O 0 
I/O, 
I/O 2 

I/O 3 

A o 
A i 
A g 1 

A 5 

A e 

a 7 

I/O4 

I/O5 

i/o e i 

I/O7 


1 . 

40 

2 

39 

3 

38 

4 

37 

5 

36 

6 

35 

7 

34 

8 

33 

9 

32 

10 

31 

11 

30 

12 

29 

13 

28 

14 

27 

15 

26 

16 

25 

17 

24 

18 

23 

19 

22 

20 

21 


p Vcc 
1/0,5 
D 1/0,4 

□ 1/0,3 

□ 1 / 0,2 

□ GND 

A 13 

A,2 

All 

hi A 10 

Bfc 


l/0 9 

□ 

□ WE 

□ NC 

□ A, 5 

□ NC 


1624-2 
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1624PV-25 

1624PV-35 

1624PV-45 

Maximum Access Time (ns) 

25 

35 

45 

Maximum Operating Current (mA) 

500 

500 

500 

Maximum Standby Current (mA) 

160 

160 

160 
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CYPRESS 

SEMICONDUCTOR 


CYM1624 


Maximum Ratings 

(Above which the useful life may be impaired) 


Storage Temperature -45 °C to + 125 °C 

Ambient Temperature with 

Power Applied -10°Cto+85°C 

Supply Voltage to Ground Potential -0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State -0.5V to + 7.0V 

DC Input Voltage -0.5V to + 7.0V 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to +70°C 

5V ± 10% 


Electrical Characteristics Over the Operating Range 


Parameters 

Description 

Test Conditions 

CYM1624PV 

Units 

Min. 

Max. 

Voh 

Output HIGH Voltage 

Vcc = Min., Ioh = -4-0 mA 

2.4 


V 

VOL 

Output LOW Voltage 

\^C = Min., Iql = 8.0 mA 


0.4 

V 

Mh 

Input HIGH Voltage 


2.2 

Vcc 

V 

Ml 

Input LOW Voltage 111 


-0.5 

0.8 

V 

Iix 

Input Load Current 

GND <_ Vi <_ Vcc 

-20 

+ 20 


loz 

Output Leakage Current 

GND <_ Vo -<. Vcc » Output Disabled 

-20 

+ 10 

pA 

Icc 

V^c Operating 

Supply Current 

Vcc = Max., Iout = 0 mA, 

CS <. Vj L 


500 

mA 

ISBl 

Automatic CS 

Power-Down Current 

Vcc = Max., CS .> Vih, 

Min. Duty Cycle = 100% 


160 

mA 

ISB2 

Automatic CS 

Power-Down Current 

Vcc = Max., CS _> Vcc- 0.2V, 

Vjn _> V^c - 0.2V or 

V IN <. 0.2V 


80 

mA 


Capacitance 121 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Cin 

Input Capacitance 

T A = 25 °C, f = 1 MHz, 

35 


CoUT 

Output Capacitance 

Vcc = 5.0V 

15 



Notes: 

1. V 1L (min) = -3.0V for pulse widths less than 20ns. 2. Tested on a sample basis. 


AC Test Loads and Waveforms 


5 V O- 
OUTPUT O- 


481X1 

-wv — 


481 xi 


5V O 
OUTPUT O 


ALL INPUT PULSES 


t 30 pF > ■ 

INCLUDING = •=■ 

JIG AND 

SCOPE 

(a) 


255X1 



255X1 
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Switching Characteristics Over the Operating Range [31 


1624PV-25 


CYM1624 


Parameters 

Description 

READ CYCLE 

tRC 

Read Cycle Time 

tAA 

Address to Data Valid 

tOHA 

Data Hold from Address Change 

tACS 

CS LOW to Data Valid 

tLZCS 

CS LOW to Low Z 

tHZCS 

CS HIGH to High Z [4] 

tpu 

CS LOW to Power-Up 

tPD 

CS HIGH to Power-Down 

WRITE CYCLE 

twc 

Write Cycle Time 

tscs 

CS LOW to Write End 

tAW 

Address Set-Up to Write End 

*HA 

Address Hold from Write End 

tSA 

Address Set-Up from Write Start 

l PWE 

WE Pulse Width 

tSD 

Data Set-Up to Write End 

‘HD 

Data Hold from Write End 

tLZWE 

W HIGH to Low Z 

tHZWE 

WE LOW to High Z 141 


1624PV-35 


1624PV-45 



3. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5 V, input levels of 0 to 3.0V and output loading 
of the specified Ioi/Ioh ar| d 30-pF load capacitance. 

4. tnzcs an d *hzwe are specified with Cl = 5 pF as in part (b) of 
AC Test Loads. Transition is measured ± 500 mV from steady state 
voltage. 

5. The inter nal w rite time of the memory is defined by the overlap of CS 
LOW and WE LOW. Both signals must be LOW to initiate a write and 

Switching Waveforms 

Read Cycle No. 1 [6,7] 


either signal can terminate a write by going HIGH. The data input 
set-up and hold timing should be referenced to the rising edge of the 
signal that terminates the write. 

WE is HIGH for read cycle. 

Device is continuously selected, CS = V IL . 

Address valid prior to or coincident with CS transition low. 

If CS goes HIGH simultaneously with WE HIGH, the output remains 
in a high-impedance state. 
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CYM1624 



CYPRESS 

SEMKXMOOR 


Switching Waveforms (continued) 
Read Cycle No. 2 [6,8! 
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CYM1624 


BjKjOTRESS 

SEMICO 


Truth Table 


cs 

WE 

Input/Outputs 

Mode 

H 

X 

High Z 

Deselect Power-Down 

L 

H 

Data Out 

Read 

L 

L 

Data In 

Write 


Ordering Information 


Speed 

Ordering Code 

Package 

lyp* 

Operating 

Range 

25 

CYM 1624PV-25C 

PV01 

Commercial 

35 

CYM1624PV-35C 

PV01 

Commercial 

45 

CYM 1624PV-45C 

PV01 

Commercial 
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M CYPRESS 


CYM1641 


SEMICONDUCTOR 


256Kx 16 Static RAM 
Module 


Features 

• High-density 4-megabit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 25 ns 

• Customer configurable 

— x4, x8, xld 

• Low active power 

— 10W (max.) 

• Hermetic SMD technology 

• TTL-compatible inputs and outputs 

• Low profile 

— Max. height of .300 in. 

• Small PCB footprint 

— 2.2 sq. in. 


Functional Description 

The CYM1641 is a high-performance 
4-megabit static RAM module organized 
as 256K words by 16 bits. This module is 
constructed from sixteen 256K x 1 SRAMs 
in leadless chip carriers mounted on a ce- 
ramic substrate with pins. Four separate 
CS pins are used to control each 4-bit nib- 
ble of the 16-bit word. This feature per- 
mits the user to configure this module as 
either 1M x 4, 512K x 8 or 256K x 16 or- 
ganization through external decoding and 
appropriate pairing of the outputs. 

Writing to the device is accomplished 
when t he ch ip select (CSxx) and write 
enable (WEu.l) inputs are both LOW. 


Data on the data lines (Dx) is written into 
the memory location specified on the ad- 
dress pins (Ao through An). 

Reading the device is accomplished by 
taking the ch ip se lect (CSxx) LOW, while 
write enable (WEu,l) remains HIGH. Un- 
der these conditions the contents of the 
memory location specified on the address 
pins will appear on the data lines (Dx). 

The data output is in the high-impedance 
state when c hip e nable (CSxx) is HIGH or 
write enable (WEu,l) is LOW. 

Power is consumed in each 4-bit nibble 
only when the appropriate CS is enabled, 
thus reducing power in the x4 or x8 mode. 


Logic Block Diagram 


Pin Configuration 



DIP 

Top View 



1641-1 


1641-2 


Selection Guide 



1641HD-25 

1641HD-35 

1641HD-45 

1641HD-55 

Maximum Access Time (ns) 

25 

35 

45 

55 

Maximum Operating Current (raA) 

Commercial 

1800 

1800 

1800 

1800 

Military 


1800 

1800 

1800 

Maximum Standby Current (mA) 

Commercial 

560 

560 

560 

560 

Military 


560 

560 

560 
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CYPRESS 

SEMKXDNDUCTOR 


CYM1641 


Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines, not tested.) 

Storage Temperature -65°C to + 150°C 

Ambient Temperature with 

Power Applied -55 °C to + 125 °C 

Supply Voltage to Ground Potential -0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State -0.5V to + 7.0V 

DC Input Voltage -0.5V to 7.0V 

Output Current into Outputs (Low) 20 mA 


Electrical Characteristics Over the Operating Range 


Parameters 

Description 

Test Conditions 

CYM1641HD 

Units 

Min. 

Max. 

Voh 

Output HIGH Voltage 

Vcc = Min., Iqh = -4.0 mA 

2.4 


V 

V 0 L 

Output LOW Voltage 


IOL = 8.0 mA Military 


0.4 

V 

Iql = 12.0 mA Commercial 

Mh 

Input HIGH Voltage 


2.2 

v cc 

V 

Ml 

Input LOW Voltage 


-0.5 

0.8 

V 

Iix 

Input Load Current 

GND <l V, <. V rr 

-80 

+ 80 

pA 

k>Z 

Output Leakage Current 

GND <_ V n <_ V rr , Output Disabled 

-10 

+ 10 

pA 

lCCxl6 

Vcc Operating Supply 
Current by 16 Mode 

Vcc = Max., IoUT = 0 mA 

CSxx <. Vil 


1800 

mA 

lCCx8 


Vcc = Max., IoUT = 0 mA 

CSxx <. VlL 


950 

mA 

fcCx4 

Vcc Operating Supply 
Current by 4 Mode 

Vcc = Max., IoUT = 0 mA 

CSxx -<_ Vjl 


720 

mA 

ISBl 

Automatic CS 

Power-Down Current [1 1 

Max. V C c, ^xx Vih 

Min. Duty Cycle = 100% 


560 

mA 

ISB2 

Automatic CS 

Power-Down Current 01 

Max. Vcc, CSxx ^ Vcc- 0.2V, 

Vin J> Vcc - 0.2V or Vin <L 0.2V 


320 

mA 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to +70°C 

5V ± 10% 

Military l 4 ) 

-55 °C to + 125 °C 

5V ± 10% 


Capacitance^ 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Qna 

Input Capacitance (Ao - An, CS, WE) 

T a = 25 °C, f = 1 MHz 

Vcc = 5.0V 

150 

pF 

Qnb 

Input Capacitance (D 0 - D 15 ) 

30 

pF 

Cqut 

Output Capacitance 

30 

pF 


Notes: 

1. A pull-up resistor to Vcc on the CS input is required to keep the de- 
vice deselected during V cc power-up, otherwise Isb will exceed val- 
ues given. 


2. Tested initially and after any design or process changes that may af- 
fect these parameters. 

3. T a is the “instant on” case temperature. 


AC Test Loads and Waveforms 

R1 329X1 

5V O 


(481 XI MIL) 

" W r — 


OUTPUT O- 


X 30 pF » tut si 

- (255X1 MIL) 

JIG AND 
SCOPE 

(a) , 

Equivalent to: THEVENIN EQUIVALENT 


R2 
202X1 


5VO- 
OUTPUT O- 


R1 329X1 
(481 XI MIL) 


5 pF 


INCLUDING 
JIG AND 
SCOPE 


1 R2 
202X1 
(255X1 


(255 XI MIL) 


(b) 


OUTPUT O- 


_167X1_ 


-O 1.73V 


Military 


8-63 


3.0V 

GND 


<. 5 ns 


ALL INPUT PULSES 




jS. 5 ns 


1641-4 


OUTPUT O 


125x1 

-Wv — 


O 1.90V 


Commercial 



















































































CYPRESS 

SEMODNDUCTOR 


CYM1641 


Parameters 

Description 

1641HD-25 

1641HD-35 

1641HD-45 

1641HD-55 

Unit 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

tRC 

Read Cycle Time 

25 


35 


45 


55 


ns 

*AA 

Address to Data Valid 


25 


35 


45 


55 

ns 

tOHA 

Output Hold from Address Change 

3 


3 


3 


3 


ns 

tACS 

CS LOW to Data Valid 


25 


35 


45 


55 

ns 

fLZCS 

CS LOW to Low Z 1?1 

3 


3 


3 


3 


ns 

tHZCS 

F5 HIGH to High Z' 6 ' 7 > 


15 


20 


25 


25 

ns 

tpu 

CS LOW to Power-Up 

0 






0 


ns 

tPD 

CS HIGH to Power-Down 


25 


35 


45 


55 

ns 

WRITE CYCLE I s ) 

twe 

Write Cycle Time 

25 


35 


45 


55 



tscs 

CS LOW to Write End 

20 


30 


40 


40 


ns 

tAW 

Address Set-Up to Write End 

20 


30 


40 


40 


ns 

tHA 

Address Hold from Write End 

2 


2 


2 


2 


ns 

tSA 

Address Set-Up to Write Start 

0 


0 


0 


0 


ns 

fpWE 

WE Pulse Width 

20 


25 


30 


30 


ns 

tSD 

Data Set-Up to Write End 

15 


17 


20 


25 


ns 

*HD 

Data Hold from Write End 

0 


0 


0 


0 


■29 

tLZWE 

WE HIGH to Low Z' 7 ' 

3 


3 


3 


3 


ns 

tHZWE 

WE LOW to High Z 16 - 71 

0 

20 

0 

25 

0 

25 

0 

25 

ns 


Switching Characteristics Over the Operating Range 151 


Notes: 

5. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5V, input levels of 0 to 3.0V and output loading 
of the specified Iol/oh and 30-pF load capacitance. 

6. tHzcs and tnzwE are specified with Cl = 5 pF as in part (b) of 
AC Test Loads. Transition is measured ± 500 mV from steady state 
voltage. 

7. At any given temperature and voltage condition, fuzes is less than 
•lzcs for any given device. 


8. The inter nal w rite time of the memoiy is defined by the overlap of CS 
LOW and WE LOW. Both signals must be LOW to initiate a write and 
either signal can terminate a write by going HIGH. The data input 
set-up and hold timing should be referenced to the rising edge of the 
signal that terminates the write. 

9. WE is HIGH for read cycle. 

10. Device is continuously selected, CS = V JL . 

11. If CS goes HIGH simultaneously with WE HIGH, the output remains 
in a high-impedance state. 













































































































































1641-7 


8-65 











CYPRESS 

SEMCCNDUCTOR 


CYM1641 


Truth Table 


CSxx 

WEn 

Input/Outputs 

Mode 

H 

X 

High Z 

Deselect/Power-Down 

L 

H 

Data Out 

Read 

L 

L 

Data In 

Write 


Ordering Information 


Speed 

Ordering Code 

Package 

Type 

Operating 

Range 

25 

CYM1641HD-25C 

HD05 

Commercial 

35 

CYM1641HD-35C 

HD05 

Commercial 

CYM1641HD-35MB 

HD05 

Military 

45 

CYM 1641HD-45C 

HD05 

Commercial 

CYM 1641HD-45MB 

HD05 

Military 

55 

CYM1641HD-55C 

HD05 

Commercial 

CYM 1641HD-55MB 

HD05 

Military 
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PRELIMINARY CYM1720 


CYPRESS 
SEMICONDUCTOR 


32K x 24 SRAM Module 


Features 

• High-density 768-kbit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 25 ns 

• 56-pin, 0.5-inch-high ZIP package 

• Low active power 

— 1.8W (max.) 

• SMD technology 

• TTL-compatible inputs and outputs 

• Commercial temperature range 

• Small PCB footprint 

— 0.66 sq. in. 


Functional Description 

The CYM1720 is a high-performance 
768-kbit static RAM module organized 
as 32K words by 24 bits. This module is 
constructed using three 32K x 8 static 
RAMs in SOJ packages mounted onto 
an epoxy laminate board with pins. 

Writing to the module is accomplished 
when the chip select (CS) and write en- 
able (WE) inputs are both LOW. Data on 
the input/output pins (I/O 0 through I/O 23 ) 
of the device is written into the memory 
location specified on the address pins 
(Aq through A i4 ). 


Reading the device is accomplished by 
taking chip select (CS) and outp ut en able 
(OE) LOW, while write enable (WE) 
remains inactive or HIGH. Under these 
conditions, the contents of the memory 
location specified on the address pins 
(Ao through A 14 ) will appear on the input/ 
output pins (I/O 0 through I/O23). 

The input/output pins remain in a high- 
impedance state unless the module is 
selected , out puts are enabled, and write 
enable (WE) is HIGH. 


Logic Block Diagram 


7 g I/O0-I/O7 


70 l/0 8 -l/0 15 


7g l/0 le -l/0 23 


A 0 - A 14 
WE 

m 

us 



1720-1 


Pin Configuration 


ZIP 

Top View 



Selection Guide 



1720PZ-25 

1720PZ-30 

1720PZ-35 

Maximum Access Time (ns) 

25 

30 

35 

Maximum Operating Current (mA) 

330 

330 

330 

Maximum Standby Current (mA) 

60 

60 

60 
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'CYPRESS 
SEMKXNDUCTC* 


Maximum Ratings 


PRELIMINARY CYM1720 


(Above which the useful life may be impaired) 


Storage Temperature -55 °C to + 125 °C 

Ambient Temperature with 

Power Applied 0°Cto+70°C 

Supply Voltage to Ground Potential -0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State -0.5V to + 7.0V 

DC Input Voltage -0.5V to + 7.0V 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to + 70°C 

5V ± 10% 


Electrical Characteristics Over the Operating Range 


Parameters 

Description 

Test Conditions 

CYM1720PZ 

Units 

Min. 

Max. 

VoH 

Output HIGH Voltage 

\fcc = Min., Ioh = ~4.0 mA 

2.4 


V 

VOL 

Output LOW Voltage 

V^c = Min., Iql = 8.0 mA 


0.4 

V 

Mh 

Input HIGH Voltage 


2.2 

Vcc 

V 

Ml 

Input LOW Voltage 


-0.5 

0.8 

V 

Iix 

Input Load Current 

GND < V; < Vcc 

-20 

+ 20 

M-A 

foz 

Output Leakage Current 

GND <_ Vo <. Vcc , Output Disabled 

-10 

+ 10 

M-A 

icc 

Vqc Operating 

Supply Current 

VCC = Max., I OUT = 0 mA, 

CS <. Vil 


330 

mA 

!sb1 

Automatic CS 111 Power 
Down Current 

Mx = Max., CS _> Vih, 

Min. Duty Cycle = 100% 


60 

mA 

ISB2 

Automatic CS m Power 
Down Current 

Vcc = Max., CS _> Vcc - 0.2V, 

V IN >. V CC - 0-2V or V IN <_ 0.2V 


60 

mA 


Capacitance 121 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Qn 

Input Capacitance 

T a = 25 °C, f = 1 MHz, 

Vcc = 5.0V 

35 

pF 

Coin 

Output Capacitance 

25 

pF 


Notes: 


1. A pull-up resistor to X; C on the CS input is required to keep the device 2. Tested on a sample basis, 
deselected during \£ c power-up, otherwise I SB will exceed values 
given. 


AC Test Loads and Waveforms 


5 V O- 
OUTPUT O- 


481X1. 

-vw- 


5V O- 
OUTPUT O- 


481X1 

-wv — 


ALL INPUT PULSES 


INCLUDING 
JIG AND 
SCOPE 


I 


30 pF 


255X1 


INCLUDING 
JIG AND 
SCOPE 


I 


5 pF 


255X2, 


3.0V ■ 


GND 


i l 


90% 

10 % 




90% 

10 % 


■jS. 5 ns 


(a) 


(b) 
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Switching Characteristics Over the Operating Ranee [31 


I720PZ-25 


PRELIMINARY CYM1720 


Parameters 


READ CYCLE 


Description 



Read Cycle Time 


Address to Data Valid 


Data Hold from Address Change 


CS LOW to Data Valid 


OE LOW to Data Valid 


OE LOW to Low Z 


CS LOW to Low Z [5) 


CS HIGH to High Z [4 ’ 51 


CS LOW to Power-Up 


CS HIGH to Power-Down 



WRITE CYCLE 


twc 

Write Cycle Time 

25 

tscs 

CS LOW to Write End 

20 

tAW 

Address Set-Up to Write End 

22 

tHA 

Address Hold from Write End 

2 

tSA 

Address Set-Up from Write Start 

2 

l PWE 

WE Pulse Width 

20 

tSD 

Data Set-Up to Write End 

13 

tHD 

Data Hold from Write End 

2 

tLZWE 

WE HIGH to Low Z 

3 

tHZWE 

WE LOW to High Z [4] 

0 



3. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5V, input levels of 0 to 3.0V and output loading 
of the specified Iol^oh an d 30-pF load capacitance. 

4. tnzoB tHzes and t H zwE are specified with C l = 5 pF as in part (b) of 
AC Test Loads. Transition is measured ± 500 mV from steady state 
voltage. 

5. At any given temperature and voltage condition, tnzcE is less than 
tLZCE for any given device. 

6. The inter nal w rite time of the memory is defined by the overlap of CS 
LOW and WE LOW. Both signals must be LOW to initiate a write and 
either signal can terminate a write by going HIGH. The data input 

Switching Waveforms 

Read Cycle No. l t? ’ 81 


set-up and hold timing should be referenced to the rising edge of the 
signal that terminates the write. 

WE is HIGH for read cycle. 

Device is continuously selected, CS = V 1L and OE = Vj L . 

Address valid prior to or coincident with CS transition low. 

Data I/O will be high impedance if OE = \ftt- 

If CS goes HIGH simultaneously with WE HIGH, the output remains 

in a high-impedance state. 
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CYPRESS 

SEMICONDUCTOR 


PRELIMINARY CYM1720 


Truth Table 



Ordering Information 


Speed 

Ordering Code 

Package 

Type 

Operating 

Range 

25 

CYM1720PZ-25C 

PZ05 

Commercial 

30 

C YM 1720PZ-30C 

PZ05 

Commercial 

35 

CYM1720PZ-35C 

PZ05 

Commercial 


Document t: 38-M-00021 
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Features 

• High-density 512-kbit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 12 ns 

• Low active power - 4W (max.) 

• SMD technology 

• TTL-compatible inputs and outputs 

• Low profile 

— Max. height of .50 in. 

• Small PCB footprint 
— 1.0 sq. in. 

• JEDEC-compatible pinout 

• 2V data retention (L version) 


Functional Description 

The CYM1821 is a high-performance 
512-kbit static RAM module organized as 
16K words by 32 bits. This module is con- 
structed from eight 16K x 4 SRAM SOJ 
packages mounted on an epoxy laminate 
board with pins. Four chip selects (CSi, 
CS 2 , CS 3 and CS 4 ) are used to independ- 
ently enable the four bytes. Reading or 
writing can be executed on individual 
bytes or any combination of multiple bytes 
through proper use of selects. 

Writing to each byte is accomplished when 
the appropria te ch ip selects (CSn) and 
write enable (WE) inputs are both LOW. 
Data on the input/output pins 
(I/O*) is written into the memory 


location specified on the address pins 
(Ao through A 13 ). 

Reading the device is accomplished by 
taking the ch ip se lects (CSn) LOW, while 
write enable (WE) remains HIGH. Under 
these conditions the contents of the mem- 
ory location specified on the address pins 
will appear on the data input/output pins 
(I/Ox). 

The data input/output pins stay in the 
high- impedance state when write enable 
(WE) is LOW, or the appropriate chip 
selects are HIGH. 

Two pins (PDO and PD1) are used 
to identify module memory density in 
applications where alternate versions 
of the JEDEC standard modules can be 
interchanged. 



Selection Guide 



1821PZ 12 

1821PZ-15 

1821PZ-20 

1821PZ-25 

1821PZ-35 

1821PZ-45 

Maximum Access Time (ns) 

12 

15 

20 

25 

35 

45 

Maximum Operating Current (mA) 

960 

960 

720 

720 

720 

720 

Maximum Standby Current (mA) 

450 

450 

160 

160 

160 

160 


Shaded area contains preliminary information. 


8-72 
































CYM1821 



Maximum Ratings 

(Above which the useful life may be impaired) 


Storage Temperature -65°C to + 150°C 

Ambient Temperature with 

Power Applied 0°Cto +70°C 

Supply Voltage to Ground Potential -0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State -0.5V to +7.0V 

DC Input Voltage -0.5V to +7.0V 

Output Current into Outputs (Low) 20 mA 


Static Discharge Voltage > 2001V 

(Per MIDSTD-883 Method 3015.2) 

Latch-Up Current >200 mA 


Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to +70°C 

5V ± 10% 


Electrical Characteristics Over the Operating Range 


Parameters 

Description 

Test Conditions 

1821PZ-I2 

1821PZ-I5 

1821PZ-20 

1821PZ-25 

1821PZ-35 

1821PZ-45 

Units 

Min. 

Max 

Min. 

Max. 

VoH 

Output HIGH Voltage 

Vcc = Min., Ioh = -4.0 mA 

: 2.4 


2.4 


V 

[■EH 

Output LOW Voltage 

V C c = Min., Iol = 8.0 mA 


0.4 


0.4 

V 

V 1H 

Input HIGH Voltage 


2.2 

V CC 

2.2 

Vcc 

V 

V, L 

Input LOW Voltage 


-0.5 

0.8 

-0.5 

0.8 

V 

Itx 

Input Load Current 

GND <. V, <l Vcc 

-20 

+ 20 

-20 

+ 20 

M-A 

Ioz 

Output Leakage Current 

GND <_V 0 <. Vcc, Output Disabled 

-20 

+ 20 

-20 

+ 20 

pA 

los 

Output Short Circuit 
Current 111 

Vcc = Max., Vout = GND 


-350 


-350 

mA 

Icc 

V C c Operating 

Supply Current 

Vcc ~ Max., Iout ~ 0 mA 

cs N ^v IL 


960 


720 

mA 

IsBl 

Automatic CS 
Power-Down Current 121 

Max. V C ci CSn >. Vjh 

Min. Duty Cycle = 100% 


450 


160 

mA 

IsB2 

Automatic CS 
Power-Down Current 121 

Max. V cc ; CSn ^ V cc - 0.3V, 

V,n2 V cc - 0.3V or 

V IN <. 0.3V 

■ 


■ 

160 

mA 


Shaded area contains preliminary information. 


Capacitance 131 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Qna 

Input Capacitance (ADDR, OE, WE) 


70 

pF 

ClNB 

Input Capacitance (CSn) 

35 

pF 

CoUT 

Output Capacitance 

20 

pF 


Notes: 

1. Not more than 1 output should be shorted at one time. Duration of the 2. A pull-up resistor to Vzc on the"CS input is required to keep the device 

short circuit should not exceed 30 seconds. deselected during \£ c power-up, otherwise I SB will exceed values 

given. 

3. Tested on a sample basis. 
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- & CYPRESS 

SEMICONDUCTOR 


CYM1821 


AC Test Loads and Waveforms 

48m 


48m 


5 V O 
OUTPUT O 



5V O 
OUTPUT O 


255 Cl 


T 

INCLUDING -±r 
JIG AND 
SCOPE 

(a) 


Equivalent to: THEVENIN EQUIVALENT 

_ 16 m _ 

OUTPUT O WV 0 1.73V 



255 n. 


3.0V 

GND — 
^.5 ns 


ALL INPUT PULSES 



1821-4 


Switching Characteristics Over the Operating Rangel 4 ) 


Parameters 

Description 

1821PZ-12 

1821PZ-15 

1821PZ-20 

Units 

■Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

tRC 

Read Cycle Time 

"• 12 • . 


IS 


20 


ns 

tAA 

Address to Data Valid 


12 


15 


20 

ns 

tOHA 

Data Hold from Address Change 

2 .;■: 

HU 

2 

WIBIM 

3 


ns 

tACS 

CS LOW to Data Valid 


12 

— 

15 


20 

ns 

tDOE 



10 • 

WBIM 

10 


10 

ns 

l LZOE 

OE LOW to Low Z 

2 


2 , , ^ 


3 


ns 

l HZOE 

OE HIGH to High Z 


- 8 

HHfl 

8 


8 

ns 

tLZCS 

CS LOW to Low Z I 4 5 6 ) 

3 


3 


5 


ns 

tHZCS 

CS HIGH to High Z [5, 61 

— 

8 


8 


8 

ns 

tpu 

CS LOW to Power-Up 



0 


0 


ns 

tpD 

CS HIGH to Power-Down 


12 


15 


20 

ns 

WRITE CYCLE I 7 ) 

twc 

Write Cycle Time 

12 


15. . 


20 


ns 

tscs 

CS LOW to Write End 

IQ 


12 

111111111 

15 


ns 

*AW 

Address Set-Up to Write End 

10 


12 

Mini 

15 


ns 

tHA 

Address Hold from Write End 

2 


2 


2 


ns 

tSA 

Address Set-Up to Write Start 

0 

■SIB 

0 

pilllipif 

2 


ns 

t PWE 

WE Pulse Width 

10 

Mi 

12 


15 


ns 

tSD 

Data Set-Up to Write End 

10 


10 ' 


10 


ns 

tHD 

Data Hold from Write End 

2 


2 


2 


ns 

tLZWE 

WE HIGH to Low Z( 6 1 

3 


3 


3 


ns 

tHZWE 

WE LOW to High Z I 5 - 6 ’ 


7 

0 


0 

7 

ns 


Shaded area contains preliminary information. 
Notes: 


4. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5V, input levels of 0 to 3.0V and output loading 
of the specified Iol^oh and 30-pF load capacitance. 

5. tnzcs and tnzwEare specified with C L = 5 pF as in part (b) of AC 
Test Loads. Transition is measured ±500 mV from steady state 
voltage. 

6. At any given temperature and voltage condition, tnzcs is less than 

tLZCs for any given device. These parameters are guaranteed and not 
100% tested. 


7. The inter nal w rite time of the memory is defined by the overlap of CS 
LOW and WE LOW. Both signals must be LOW to initiate a write and 
either signal can terminate a write by going HIGH. The data input 
set-up and hold timing should be referenced to the rising edge of the 
signa l that terminates the write. 

8. WE is HIGH for read cycle. 

9. Device is continuously selected, CS = Vj L and OE = V 1L . 

10. Address valid prior to or coincident with CS transition low. 

1 1 . CS X , CS 2 , CS 3 and CS" 4 are represented byCS in the Switching Char- 
acteristics and Waveforms. 





































































































































CYPRESS 

SEMKDCMXJCTOR 


CYM1821 


Switching Characteristics Over the Operating Range (continued) M 


Parameters 

Description 

1821PZ-25 

1821PZ-35 

1821PZ-45 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

tRC 

Read Cycle Time 

25 


35 


45 


ns 

tAA 

Address to Data Valid 


25 


35 


45 

ns 

tOHA 

Data Hold from Address Change 

3 


3 


3 


ns 

tACS 

CS LOW to Data Valid 


25 


35 


45 

ns 

tDOE 

OE LOW to Data Valid 


15 


25 


30 

ns 

tLZOE 

OE LOW to Low Z 

3 


3 


3 


ns 

tHZOE 

OE HIGH to High Z 


15 


20 


20 

ns 

tLZCS 

CS LOW to Low Z < 6 > 

5 


10 


10 


ns 

tHZCS 

CS HIGH to High Z [S ’ 6) 


10 


15 


20 

ns 

tpu 

CS LOW to Power-Up 

0 


0 


0 


ns 

tPD 

CS HIGH to Power-Down 


25 


35 


45 

ns 

WRITE CYCLE l ? l 

twc 

Write Cycle Time 

25 


35 


45 


ns 

tscs 

CS LOW to Write End 

20 


25 


35 


ns 

tAW 

Address Set-Up to Write End 

20 


25 


35 


ns 

tHA 

Address Hold from Write End 

2 


2 


2 


ns 

tSA 

Address Set-Up to Write Start 

2 


2 


2 


ns 

l PWE 

WE Pulse Width 

20 


25 


30 


ns 

tSD 

Data Set-Up to Write End 

13 


15 


20 


ns 

tHD 

Data Hold from Write End 

2 


2 


2 


ns 

tLZWE 

WE HIGH to Low Zl 6 l 

3 


5 


5 


ns 

tHZWE 

WE LOW to High Zt 5 ’ 6 > 

0 

7 

0 

10 

0 

15 

ns 

















































































































































CYM1821 


Data Retention Characteristics (L Version only) 


Parameter 

Description 

Test Conditions 

CYM1821 


Min. 

Max. 

MdR 

Vcc f° r Retention Data 

Vcc = 2.0V, 

CS^ V CC -0.2V 

Mn.2. Nfcc “ 0.2V 
orMN<-0.2V 

2.0 



ICCDR 

Data Retention Current 


8 

mA 

t CDR [U1 

Chip Deselect to Data Retention Time 

0 


ns 

t R [13] 

Operation Recovery Time 

l RC (12 ] 


ns 

I U [13] 

Input Leakage Current 


10 

pA 


Notes: 

12. tRc = Read Cycle Time. 14. If CS goes HIGH simultaneously with WE HIGH, the output remains 

13. Guaranteed, not tested. in a high-impedance state. 


Data Retention Waveform 



Switching Waveforms [11 i 

Read Cycle No. 1 [8,9] 



m t RC * 


ADDRESS ^ 

i ? 



m *AA" 

P loHA m 


1 


DATA OUT 

\ 

PREVIOUS DATA VALID ~y 


^ DATAVAUD 


1821-1 
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CYPRESS 

SEMICONDUCTOR 


CYM1821 


Switching Waveforms (continued) 
Read Cycle No. 2 [8t 101 



1821-7 
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CYM1821 



CYPRESS 

SEMODNDUCTCR 


Truth Table 


CS* 

WE 

OE 

Input/Outputs 

Mode 

H 

X 

X 

High Z 

Deselect/Power-Down 

L 

H 

L 

Data Out 

Read 

L 

L 

X 

Data In 

Write 

L 

H 

H 

High Z 

Deselect 


Ordering Information 


Speed 

Ordering Code 

Package 

Type 

Operating 

Range 

12 

CYM1821PZ-12C 

PZ01 

Commercial 

15 

CYM 1821PZ-15C 

PZ01 

Commercial 

20 

CYM 1821PZ-20C 

PZ01 

Commercial 

CYM1821LPZ-20C 

PZ01 

25 

CYM 1821PZ-25C 

PZ01 

Commercial 

CYM1821LPZ-25C 

PZ01 

35 

CYM1821PZ-35C 

PZ01 

Commercial 

CYM 1821LPZ-35C 

PZ01 

45 

CYM 1821PZ45C 

PZ01 

Commercial 

CYM 1821LPZ45C 

PZ01 


Shaded area contains preliminary information. 
Document t: 38-M-00015-A 
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Features 

» High-density 512K-bit SRAM module 
» High-speed CMOS SRAMs 
— Access time of 12 ns 
» Low active power 

- 5.3W (max.) 

» Hermetic SMD technology 
» TTL-compatible inputs and outputs 
» Low profile 
— Max. height of .52 in. 

• Small PCB footprint 

— 1.0 sq. in. 

• 2V data retention (L version) 


Functional Description 

The CYM1822 is a high-performance 
512-kbit static RAM module organized 
as 16K words by 32 bits. This module is 
constructed from eight 16K x 4 separate 
I/O SRAMs in leadless chip carriers 
mounted on a ceramic substrate with pins. 
Two chip selects (CSu and CSl) are used 
to independently enable the upper and 
lower 16-bit data words. 

Writing to the device is accomplished 
when the chip sel ects (CSi j and/or CSl) 
and write enable (WE) inputs are both 
LOW. Data on the input pins (DI*) is 


written into the memory location specified 
on the address pins (Ao through A 13 ). 
Reading the device is accomplished by 
taking the chip selects (CSu and/or CSl) 
and out put e nable (OE) LOW, while write 
enable (WE) remains HIGH. Under these 
conditions the contents of the memory 
location specified on the address pins will 
appear on the data output pins (DO*). 

The output pins stay in the high-impe- 
dance state when write enable (WE) is 
LOW, the appropriate chip selects are 
HIGH, or OE is HIGH. 



Selection Guide 




Commercial 


Milita 


Commercial 


Milita 


haded area contains preliminary information. 



1822HV-30 

1822HV-35 

* n 

QO 

30 

35 

45 

720 

720 

720 

720 

720 

720 

160 

160 

160 

160 

160 

160 
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=SS7jg CYPRESS 

~S r SEMKX3NDUCTOR = 

Maximum Ratings 

(Above which the useful life may be impaired) 

Storage Temperature -65°C to + 150°C 

Ambient Temperature with 

Power Applied -55 °C to + 125 °C 

Supply Voltage to Ground Potential -0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State -0.5V to + 7.0V 

DC Input Voltage -0.5V to +7.0V 

Electrical Characteristics Over the Operating Range 


Description 


CYM1822 

Output Current into Outputs (Low) 20 m/ 

Operating Range 

„ „ Ambient v 

® Temperature cc 

Commercial 0°Cto+70°C 5V ± 10% 

Military -55 °C to + 125 °C 5V ± 10% 




Output Short Circuit 
Current [1) 


V C c Operating 
Supply Current 


Automatic CS 
Power-Down Current 121 


Automatic CS 
Power-Down Current (2) 



Output HIGH Voltage 


Output LOW Voltage 


Input HIGH Voltage 


Input LOW Voltage 


Input Load Current 


GND <. V! <. V cc 


Output Leakage Current GND <. V Q <. V C c, Output Disabled 


V cc = Max., Vqut = GND 


Max. Vcc! CSu, CSl >. Vjh 
M in. Duty Cycle = 100% 


Max. V cc ; CSu, CS L ^ V cc - 0.2V, 
V in .> Vcc - 0.2V or 
V IN <. 0.2V 


Shaded area contains preliminary information. 

Capacitance 131 


Parameters 

Description 

Test Conditions 

Max. 

Qn 

Input Capacitance 

T a = 25 °C, f = 1 MHz, 

80 

CoUT 

Output Capacitance 

V cc = 5.0V 

15 

ClNDATA 

Input Capacitance 


15 

Notes: 






1. Not more than 1 output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 


Ac Test Loads and Waveforms 

R1 481 xi 


5 V 

OUTPUT 


5V 

OUTPUT 


2. A pull-up resistor to Vcc on the CE input is required to keep the de- 
vice deselected during Vcc power-up, otherwise IsbwHI exceed val- 
ues given. 

3. Tested on a sample basis. 


ALL INPUT PULSES 


INCLUDING 

30 pF| 

R2 

255X1 

INCLUDING 

jq 5 pF 

< R2 
? 255X1 

JIG AND 



JIG AND 



SCOPE 

(a) 

/ 


SCOPE 

(b) 

1822-3 



Equivalent to: THEVEN1N EQUIVALENT 
167X1 

OUTPUT O wv O 1.73V 
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SEMICONDUCTOR , — 

Switching Characteristics Over the Operating Range [4] 


1822HV12 


CYM1822 


Parameters 


Description 


READ CYCLE 



Read Cycle Time 


Address to Data Valid 


Data Hold from Address Change 


CS LOW to Data Valid 


OE LOW to Data Valid 


OE HIGH to High Z 


CS LOW to Low Z [6) 


CS HIGH to High Z [5 ’ 6) 


CS LOW to Power-Up 


CS HIGH to Power-Down 


WRITE CYCLE [7] 


twc 

Write Cycle Time 

tscs 

CS LOW to Write End 

tAW 

Address Set-Up to Write End 

tHA 

Address Hold from Write End 

tSA 

Address Set-Up to Write Start 

tpWE 

WE Pulse Width 

tSD 

Data Set-Up to Write End 

tHD 

Data Hold from Write End 

tLZWE 

WE HIGH to Low Z 16 ’ 

tHZWE 

WE LOW to High Z [5 ’ 6] 


Shaded area contains preliminary information. 

Notes: 

4. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5V, input levels of 0 to 3.0V and output loading 
of the specified Iol^oh and 30-pF load capacitance. 

5. tnzcs and tnzwE are specified with Cl = 5 pF as in part (b) of AC 
Test Loads. Transition is measured ± 500 mV from steady state volt- 
age. 


I822HV-1S 



At any given temperature and voltage condition, tnzcs is l ess than 
*lzcs f° r any given device. These parameters are guaranteed and not 
100% tested. 

The inter nal w rite time of the memoiy is defined by the overlap of CS 
LOW and WE LOW. Both signals must be LOW to initiate a write and 
either signal can terminate a write by going HIGH. The data input 
set-up and hold timing should be referenced to the rising edge of the 
signal that terminates the write. 
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CYPRESS 

SEMICONDUCTOR 


CYM1822 


Switching Characteristics Over the Oneratine Ranee (continued) 141 


Description 


READ CYCLE 


tRC 


tAA 


tOHA 


tACS 


tDOE 


tLZOE 


tHZOE 


tLZCS 


tHZCS 


tpu 


Read Cycle Time 


Address to Data Valid 


Data Hold from Address Change 


CS LOW to Data Valid 


OE LOW to Data Valid 


OE LOW to Low Z 


OE HIGH to High Z 


CS LOW to Low Z& 


CS HIGH to High Z [S ’ 6] 


CS LOW to Power-Up 


tPD 


WRITE CYCLE 171 


Write Cycle Time 


CS LOW to Write End 


Address Set-Up to Write End 


Address Hold from Write End 


Address Set-Up to Write Start 


Data Set-Up to Write End 


Data Hold from Write End 


WE HIGH to Low Z {6] 


WE LOW to High Z 15 ’ 6! 


mBaaElMEEafl 



1822HV-25 


1822HV-30 


1822HV-45 



Data Retention Characteristics (L Version Only) 


Parameter 

Description 

M)R 

Vcc f° r Retention Data 

ICCDR 

Data Retention Current 

^CDR [8) 

Chip Deselect to Data Retention Time 

t R m 

Operation Recovery Time 

iu" 

Input Leakage Current 


CYM1822 



Notes: 

8. Guaranteed, not tested. 

9. tRc = Read Cycle Time. 

10. Both CSl and CS V are represented by CS in the Switching Charac- 
teristics and Waveforms. 

11. WE is HIGH for read cycle. 


Test Conditions 


\fc C = 2.0V, 

CS >. Vcc- 0.2V 
Mn^v cc -o.2V 
or MN<- 0.2V 


12. Device is continuously selected, CS = Vr, and OE = V 1L . 

13. Address valid prior to or coincident with CS transition low. 

14. If CS goes HIGH simultaneously with WE HIGH, the output remains 
in a high-impedance state. 
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CYM1822 


'CYPRESS 

SEMICONDUCTOR 


Data Retention Waveform 



Switching Waveforms [10) 

Read Cycle No. I* 11 * 121 


ADDRESS 


DATA OUT 



Read Cycle No. 2 [11, 13 1 
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Truth Table 


CSu 

CS L 

OE 

WE 

Input/Outputs 

Mode 

H 

H 

X 

X 

High Z 

Deselect/Power-Down 

L 

L 

L 

H 

Data Out o- 3 l 

Read 

H 

L 

L 

H 

Data Out 0-15 

Read Lower Word 

L 

H 

L 

H 

Data Outi6-31 

Read Upper Word 

L 

L 

X 

L 

Data In 0 -31 

Write 

H 

L 

X 

L 

Data In 0-15 

Write Lower Word 

L 

H 

X 

L 

Data In 16-31 

Write Upper Word 

L 

L 

H 

H 

High Z 

Deselect 

H 

L 

H 

H 

High Z 

Deselect 

L 

H 

H 

H 

High Z 

Deselect 


Ordering Information 


Speed 

Ordering Code 

Package 

Type 

Operating 

Range 

12 

CYM 1822HV- 12C 

HV02 

Cornmefciat 

15 

CYM 1822HV-15C 

HV02 

Commercial 


CYM 1822HV- 15MB 

HV02 

Military 

20 

CYM1822HV-20C 

HV02 

Commercial 


CYM 1822LH V -20C 

HV02 


CYM1822HV-20MB 

: HV02 i 

Military 

25 

CYM1822HV-25C 

HV02 

Commercial 


CYM 1822LHV -25C 

HV02 


CYM 1822HV-25MB 

HV02 

Military 

CYM1822LHV-25MB 

HV02 


30 

CYM 1822HV -30C 

HV02 

Commercial 


CYM 1822LH V -30C 

HV02 


CYM 1822H V -30MB 

HV02 

Military 

CYM 1822LHV-30MB 

HV02 


35 

CYM1822HV-35C 

HV02 

Commercial 


CYM 1822LHV-35C 

HV02 


CYM1822HV-35MB 

HV02 

Military 

CYM1822LHV-35MB 

HV02 


45 

CYM 1822HV-45C 

HV02 

Commercial 


CYM 1822LH V -45C 

HV02 


CYM 1822H V -45MB 

HV02 

Military 

CYM 1822LH V -45MB 

HV02 



Shaded area contains preliminary information. 
Document #: 38-M-00016-A 
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CYM1830 



Features 

• High-density 2-megabit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 25 ns 

• Independent byte and word controls 

• Low active power 
- 4.8W (max.) 

• Hermetic SMD technology 

• TTL-compatible inputs and outputs 

• Low profile 

— Max. height of .270 in. 

• Small PCB footprint 
— 1.8 sq. in. 


Functional Description 

The CYM1830 is a high-performance 
2-megabit static RAM module organized 
as 64K words by 32 bits. This module is 
constructed from eight 64K x 4 SRAMs in 
LCC packages mounted on a ceramic sub- 
strate with pins. Four chip selects (CSo 
CSj ,CS 2 and CS 3 ) are used to independ- 
ently enab le the four bytes. Two write en- 
ables (WE 0 and WEj) are used to inde- 
pendently write to either upper or lower 
16-bit word of RAM. Reading or writing 
can be executed on individual bytes or any 
combination of multiple bytes through 
proper use of selects and write enables. 
Writing to each byte is accomplished when 
the appropriate chip select (CSx) and write 



enable (WE X ) inputs are both LOW. Data 
on the input/output pins (I/Ox) is written 
into the memory location specified on the 
address pins (Ao through Ai 5 ). 

Reading the device is accomplished by 
taking the chi p sel ects (CSx) LOW, while 
write enables(WEx) remains HIGH. Un- 
der these conditions the contents of the 
memory location specified on the address 
pins will appear on the data input/output 
pins (I/Ox). 

The Data input/output pins stay in the 
high- impedance state when write enables 
(WE x ) are LOW, or the appropriate chip 
selects are HIGH. 



Selection Guide 


Maximum Access Time (ns) 

Maximum Operating Current (mA) 

Commercial 

Military 

Maximum Standby Current (mA) 

Commercial 

Military 



1830HD-35 

1830HD-45 

1830HD-55 

35 

45 

55 

880 

880 

880 

880 

880 

880 

320 

320 

320 

320 

320 

320 
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WJe CYPRESS 

SEMICONDUCTOR 


Maximum Ratings 

(Above which the useful life may be impaired. For user guidelines not tested.) 

Storage Temperature -65°C to + 150°C Output 

Ambient Temperature with 

Power Applied -55 °C to + 125 °C U P en 

Supply Voltage to Ground Potential -0.5V to + 7.0V Ra 

DC Voltage Applied to Outputs “ 

in High Z State -0.5V to + 7.0V Lomn 

DC Input Voltage -0.5V to + 7.0V Milita 

Electrical Characteristics Over the Operating Range 


Output Current into Outputs (Low) 20 mA 

Operating Range 

Ran 8 e iw-h.* V CC 


Commercial 
Military I 4 1 



Description 


Output HIGH Voltage 


Output LOW Voltage 


Input HIGH Voltage 


Input LOW Voltage 


Input Load Current 


Output Leakage Current 


Output Short Circuit 
Current [1 1 


V C c Operating Supply 
Current by 16 Mode 


Automatic CS 
Power-Down Current 121 


Automatic CS 
Power-Down Current |2 J 


Test Conditions 


Vcc = Min., Iqh = -4.0 mA 


Ambient 

Temperature 

0°C to 4- 70°C 

-55 °C to + 125 °C 


CYM1830HD 


Vcc 

5V ± 10% 
5V ± 10% 



GND V! <_ V cc 


GND <_ V 0 <. Vcc, Output Disabled 


Vcc — ■ Max., Vqut - GND 


Vc c - Max., Iout = 0 mA 
CS X ^V IL 


Max. Vcc > CSx Vm 
Min. Duty Cycle = 100% 


Max. Vcc, CS X ^ Vcc -0.3V, 

V, N .> V cc - 0.3V or V, N <. 0.3V 



Capacitance' 3 ) 


Parameters 



Description 


Input Capacitance, Address Pins 


Input Capacitance, I/O Pins 


Output Capacitance 


l. Not more than 1 output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 

1 . A pull-up resistor to Vcc on the CS input is required to keep the de- 
vice deselected during V C c power-up, otherwise Isb will exceed val- 
ues given. 

\C Test Loads and Waveforms 


Test Conditions 



Max. 

Units 

90 

pF 

30 

pF 

30 

pF 


5 V 

OUTPUT 


INCLUDING 
JIG AND 
SCOPE 


R1 329 a 
(481 a MIL) 



5V O- 

— ■ — WV j 

3.0 V • 

OUTPUT O— 

— T 1 


R2 

_L _ r $ R2 


202 a 

T 5 P F < 202 a 

GND ' 

(255 a MIL) INCLUDING 
JIG AND 

_L J_(255a MIL) 

_< 


3. Tested initially and after any design or process changes that may af- 
fect these parameters. 

4. Ta is the “instant on” case temperature. 


ALL INPUT PULSES 



Equivalent to: THEVENIN EQUIVALENT 
167a 

OUTPUT O wv O - 

Military 


l^25a 

Commercial 
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Switching Characteristics Over the Operating Range [5) 


Parameters 

Description 

1830HD-25 

1830HD-30 

1830HD-35 

1830HD-45 

1830HD-55 

Unit 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

tRC 

Read Cycle Time 

25 


30 


35 


45 


55 


ns 

tAA 

Address to Data Valid 


25 


30 


35 


45 


55 

ns 

tOHA 

Output Hold from Address Change 

3 


3 


3 


3 


3 


ns 

Ucs 

CS LOW to Data Valid 


25 


30 


35 


45 


55 

ns 

tfZCS 

CS LOW to Low Zl ? l 

3 


3 


3 


3 


3 


ns 

tHZCS 

CS HIGH to High Z 16, 71 


15 


15 


20 


20 


20 

ns 

tpu 

CS LOW to Power-Up 

0 


0 


0 


0 


0 


ns 

tPD 

CS HIGH to Power-Down 


25 


30 


35 


45 


55 

ns 

WRITE CYCLE l*> 

twc 

Write Cycle Time 

25 


Mi 


35 


45 


55 


ns 

tscs 

CS LOW to Write End 

20 


El 


30 


40 


40 


ns 

Uw 

Address Set-Up to Write End 

20 


25 


30 


40 


40 


ns 

tHA 

Address Hold from Write End 

2 


2 


2 


2 


2 


ns 

*SA 

Address Set-Up to Write Start 

2 


2 


2 


2 


2 


ns 

l PWE 

WE Pulse Width 

20 


25 


25 


30 


40 


ns 

tSD 

Data Set-Up to Write End 

15 


20 


20 


25 


25 


ns 

*HD 

Data Hold from Write End 

2 


2 


2 


2 


2 


ns 

tLZWE 

WE HIGH to Low Z> 7 ' 

1 


3 


3 


3 


3 


ns 

tflZWE 

WE LOW to High Z 16 ' 71 

0 

15 

mm 

20 

0 

20 

0 

20 

0 

20 

ns 


Notes; 

5. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5V, input levels of 0 to 3.0V and output loading 
of the specified Ioi/Ioh and 30-pF load capacitance. 

6. tnzcs and t H zwE are specified with C L = 5 pF as in part (b) of 
AC Test Loads. Transition is measured ± 500 mV from steady state 
voltage. 

7. At any given temperature and voltage condition, tnzcs is less than 
Ilzcs for any given device. 

8. The inter nal w rite time of the memory is defined by the overlap of CS 
LOW and WE LOW. Both signals must be LOW to initiate a write and 


either signal can terminate a write by going HIGH. The data input 
set-up and hold timing should be referenced to Ihe rising edge of the 
signal that terminates the write. 

9. WE is HIGH for read cycle. 

10. Device is continuously selected, CS = V,L- 

11. Address valid prior to or coincident with CS transition LOW. 

12. IfCSgoesHIGHsimultaneouslywithWEHIGH, the output remains 
in a high-impedance state. 


Switching Waveforms 1101 

Read Cycle No. 1 (9, 101 



L* IRC 


ADDRESS 

< ; 



m *AA 

P *OHA 


i 


DATA OUT 

PREVIOUS DATA VALID 


^ DATA VALID 


1830-J 


8-88 































































































































































1830-8 
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Truth Table 


CSx 

WEx 

Input/Outputs 

Mode 

H 

X 

High Z 

Deselect/Power-Down 

L 

H 

Data Out 

Read 

L 

L 

Data In 

Write 


CYM1830 


Ordering Information 


Speed 

Ordering Code 

Package 

Type 

Operating 

Range 

25 

M1830HD-25C 

HD06 

Commercial 

30 

M1830HD-30C 

HD06 

Commercial 

35 

M1830HD-35C 

HD06 

Commercial 

M 1830HD-35MB 

HD06 

Military 

45 

M1830HD-45C 

HD06 

Commercial 

M 1830HD-45MB 

HD06 

Military 

55 

M1830HD-55C 

HD06 

Commercial 

M 1830HD-55MB 

HD06 

Military 


Document #: 38-M-00017-A 
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Features 

• High-density 2-Mbit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 25 ns 

• Low active power 
— 4YV (max.) 

• SMD technology 

• TTL-compatible inputs and outputs 

• Low profile 

— Max. height of .50 in. 

• Small PCB footprint 
— 1.2 sq. in. 

• JEDEC-compatible pinout 


Functional Description 

The CYM1831 is a high-performance 
2-Mbit static RAM module organized as 
64K words by 32 bits. This module is con- 
structed from eight 64K x 4 SRAMs in 
SOJ packages mounted on an epoxy lami- 
nate board with pins. Four chip selects 
(CSi, CS 2 , CS 3 and CS 4 ) are used to inde- 
pendently enable the four bytes. Reading 
or writing can be executed on individual 
bytes or any combination of multiple bytes 
through proper use of selects. 

Writing to each byte is accomplished when 
the appropria te ch ip selects (CSn) and 
write enable (WE) inputs are both LOW. 
Data on the input/output pins 
(I/Ox) is written into the memory 
location specified on the address pins 
(Ao through A 15 ). 


Reading the device is accomplished by 
taking the chip selects (CSn) LOW and 
outp ut en able (OE) low, while write en- 
able (WE) remains HIGH. Under these 
conditions the contents of the memory 
location specified on the address pins will 
appear on the data input/output pins 
(I/Ox). 

The data input/output pins stay in the 
high- impedance state when write enable 
(WE) is LOW, or the appropriate chip 
selects are HIGH. 

Two pins (PDO and PD1) are used to 
identify module memory density in 
applications where alternate versions 
of the JEDEC standard modules can be 
interchanged. 



Selection Guide 



183 1PM- 25 
1831PZ-25 

1831PM-30 

1831PZ-30 

1831PM-35 

1831PZ-35 

1831PM-45 

1831PZ-45 

25 

30 

35 

45 

720 

720 

720 

720 

160 

160 

160 

160 


Maximum Access Time (ns) 
Maximum Operating Current (mA) 
Maximum Standby Current (mA) 
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Maximum Ratings 

(Above which the useful life may be impaired) 


Storage Temperature -65 °C to + 150 °C 

Ambient Temperature with 

Power Applied 0°C to +70°C 

Supply Voltage to Ground Potential -0.5V to +7.0V 

DC Voltage Applied to Outputs 

in High Z State -0.5V to +7.0V 


DC Input Voltage -0.5V to +7.0V 

Output Current into Outputs (Low) 20 mA 

Operating Range 


DC Input Voltage -0.5V to +7.0V 

Output Current into Outputs (Low) 20 mA 

Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to +70°C 

5V ± 10% 


Electrical Characteristics Over the Operating Range 


Parameters 

Description 

VOH 

Output HIGH Voltage 

VOL 

Output LOW Voltage 

Mh 

Input HIGH Voltage 

Ml 

Input LOW Voltage 

Iix 

Input Load Current 

b>z 

Output Leakage Current 

be 

Vcc Operating 

Supply Current 

Isbi 

Automatic CS 

Power-Down Current 01 

ISB2 

Automatic CS 

Power-Down Current! 11 


Test Conditions 


\fcc = Min., Iqh = -4.0 mA 


V(;r = Min., Iql = 8.0 mA 


GND <. Vi <. Vcc 


GND <. Vq_<. Vcc> Output Disabled 


Max. VCC; .£. Vih 
M in. Duty Cycle = 100% 


Max. VCC €3n -> Vcc- 0.2V, 
Vj N Vqq - 0.2V or 
V IN <. 0.2V 


CYM1831PZ 



Capacitance 121 


Parameters 

Description 

Test Conditions 

Max. 

Units 

Qna 

Input Capacitance (A 0 - Ai 6 , CS, WE, OE) 

T a = 25 °C, f = 1 MHz, 

80 

pF 

Qnb 

Input Capacitance (I/Oo - I/0 31 ) 

V cc = 5.0V 

15 

pF 

Cqut 

Output Capacitance 


15 

pF 

Notes: 


1. A pull-up resistor to \fcc on the CS input is required to keep the device 2. Tested on a sample basis, 

deselected during V cc power-up, otherwise I SB will exceed values 
given. 


AC Test Loads and Waveforms 


R1 481 XI R1 481 xi 



Equivalent to: THEVENIN EQUIVALENT 


OUTPUT 



1.73V 


ALL INPUT PULSES 



1831-4 
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SEMICONDUCTOR 


CYM1831 


Switching Characteristics Over the Operating Range [4 > 


Parameters 

Description 

183IPM-25 

1831PZ-25 

1831PM-30 

1831PZ-30 

1831PM-35 

1831PZ-35 

1831PM-45 

1831PZ-45 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

tRC 

Read Cycle Time 

25 


30 


35 


45 


ns 

tAA 

Address to Data Valid 


25 


30 


35 


45 

ns 

tOHA 

Data Hold from Address Change 

3 


3 


3 


3 


ns 

tACS 

CS LOW to Data Valid 


25 


30 


35 


45 

ns 

tDOE 

OE LOW to Data Valid 


15 


20 


20 


30 

ns 

tLZOE 

OE LOW to Low Z 

0 




0 


0 


ns 

tHZOE 

OE HIGH to High Z 


15 


15 


20 


20 

ns 

tLZCS 

CS LOW to Low Z W 

3 


3 


3 


3 


ns 

tHZCS 

CS HIGH to High Z [5, 6) 


13 


15 


20 


20 

ns 

tpu 

CS LOW to Power-Up 

0 


0 


0 


0 


ns 

tpD 

CS HIGH to Power-Down 


25 


30 


35 


45 

ns 

WRITE CYCLE ™ 

twc 

Write Cycle Time 

25 


30 


35 


45 


ns 

tscs 

CS LOW to Write End 

20 


25 


30 


40 


ns 

Uw 

Address Set-Up to Write End 

20 


25 


30 


40 


ns 

tHA 

Address Hold from Write End 

2 


2 


2 


2 


ns 

tSA 

Address Set-Up to Write Start 

2 


2 


2 


2 


ns 

l PWE 

WE Pulse Width 

20 


25 


25 


30 


ns 

tSD 

Data Set-Up to Write End 

15 


15 


20 


20 


ns 

tHD 

Data Hold from Write End 

2 


2 


2 


2 


ns 

tLZWE 

WE HIGH to Low Zt 6 ! 

3 


3 


3 


3 


ns 

tHZWE 

WE LOW to High Z' 4 5 6 7 ' 61 

0 

13 

0 

15 

0 

20 

0 

20 

ns 


totes: 


4. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5V, input levels of 0 to 3.0V and output loading 
of the specified Iol^oh a nd 30-pF load capacitance. 

5. tnzcs and tnzwE are specified with C L = 5 pF as in part (b) of AC 
Test Loads. Transition is measured ±500 mV from steady state 
voltage. 

6. At any given temperature and voltage condition, tnzcs is less than 
tLzes for any given device. These parameters are guaranteed and not 
100% tested. 

7. The inter nal w rite time of the memory is defined by the overlap of CS 
LOW and WE LOW. Both signals must be LOW to initiate a write and 


Switching Waveforms [nI 

lead Cycle No. 1 [8 ’ 91 



IRC 


DDRESS ^ 

<z > 

< 


m *AA 

*OHA W 


1 


ATA OUT 

PREVIOUS DATA VALID 


^ DATA VALID 


either signal can terminate a write by going HIGH. The data input 
set-up and hold timing should be referenced to the rising edge of the 
signal that terminates the write. 

8. WE is HIGH for read cycle. 

9. Device is continuously selected, CS = V, L and OE = V ]L . 

10. Address valid prior to or coincident with CS transition low. 

11. CSi, CS 2 , CS 3 and CS 4 are represented by CS in the switching Char- 
acteristics and Waveforms. 

12. If CS goes HIGH simultaneously with WE HIGH, the output remains 
in a high-impedance state. 
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Switching Waveforms (continued) 
Read Cycle No. 2 18 ' 101 



Write Cycle No. 1 (WE Controlled) m 




m twc m 


ADDRESS ^ 

t 3 

t 


* t Srt m 

■*" ~ tscs m 

^ J 





f- 

. <HA . 


m *AW | 

*» tpwE —S' 

£ 1 



zobob mmxm 



h H l HD 

DATA IN 

DATA-IN VALID 


^ ^HZWE m 

1 

3 E DANCE 


> HIGH IMF 

> 



1831 - 
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Truth Table 


CSn 

WE 

OE 

Input/Outputs 

Mode 

H 

X 

X 

High Z 

Deselect/Power-Down 

L 

H 

L 

Data Out 

Read 

L 

L 

X 

Data In 

Write 

L 

H 

H 

High Z 

Deselect 


Ordering Information 


Speed 

Ordering Code 

Package 

Type 

Operating 

Range 

25 

CYM 183 1PM-25C 

PM01 

Commercial 

C YM 183 1PZ-25C 

PZ01 

30 

CYM 183 1PM-30C 

PM01 

Commercial 

CYM 183 1PZ-30C 

PZ01 

35 

CYM 183 1PM-35C 

PM01 

Commercial 

CYM 183 1PZ-35C 

PZ01 

45 

CYM 183 1PM-45C 

PM01 

Commercial 

CYM1831PZ-45C 

PZ01 
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Features 

• High-density 2-Mbit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 25 ns 

• Low active power 
- 5.4W (max.) 

• SMD technology 

• TTL-compatible inputs and outputs 

• Low profile 

— Max. height of .50 in. 

• Small PCB footprint 
— 1.0 sq. in. 


Functional Description 

The CYM1832 is a high-performance 
2-Mbit static RAM module organized as 
64K words by 32 bits. This module is con- 
structed from eight 64K x 4 SRAMs in 
SOJ packages mounted on an epoxy lami- 
nate board with pins. Four chip selects 
(CSi, CS 2 , CS 3 , and CS 4 ) are used to inde- 
pendently enable the four bytes. Reading 
or writing can be executed on individual 
bytes or any combination of multiple bytes 
through proper use of selects. 

Writing to each byte is accomplished when 
the appropria te ch ip selects (CSjsj) and 
write enable (WE) inputs are both LOW. 
Data on the input/output pins 


(I/Ox) is written into the memory 
location specified on the address pins 
(Ao through A 1S ). 

Reading the device is accomplished by 
taking the ch ip se lects (CSn) LOW, while 
write enable (WE) remains HIGH. Under 
these conditions the contents of the mem- 
ory location specified on the address pins 
will appear on the data input/output pins 
(I/Ox). 

The data input/output pins stay in the 
high- impedance state when write enable 
(WE) is LOW, or the appropriate chip 
selects are HIGH. 




Maximum Access Time (ns) 
Maximum Operating Current (mA) 
Maximum Standby Current (mA) 
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Maximum Ratings 

Above which the useful life may be impaired) 


Storage Temperature -45 °C to + 125 °C 

\mbient Temperature with 

Power Applied -10°Cto+85°C 

Supply Voltage to Ground Potential -0.5V to + 7.0V 

DC Voltage Applied to Outputs 

n High Z State -0.5V to + 7.0V 


DC Input Voltage -0.5V to + 7.0V 

Output Current into Outputs (Low) 20 mA 

Operating Range 


DC Input Voltage -0.5V to + 7.0V 

Output Current into Outputs (Low) 20 mA 

Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to +70°C 

5V ± 10% 


Electrical Characteristics Over the Operating Range 



Description 


CYM1832PZ 

Units 


Test Conditions 

Min. 

Max. 

Voh 

Output HIGH Voltage 

Vcc = Min., Iqh = "4.0 mA 

2.4 


V 

VOL 

Output LOW Voltage 

\^C = Min., Iql = 8.0 mA 


0.4 

V 

Mh 

Input HIGH Voltage 


2.2 

Vcc 

V 

Ml 

Input LOW Voltage 


-0.5 

0.8 

V 

iix 

Input Load Current 

GND <l Vi ^ Vcc 

-20 

+ 20 

M-A 

loz 

Output Leakage Current 

GND <. Vo <. Vcc > Output Disabled 

-100 

+ 100 

M-A 

Icc 

Mx Operating 

Supply Current 

VCC = Max., I out = 0 mA 

CS N <lV il 


980 

mA 

ISBl 

Automatic CS 

Power-Down Current W 

Max. Vcc ; CSn Vih 

Min. Duty Cycle = 100% 


240 

mA 

ISB2 

Automatic CS 

Power-Down Current [2] 

Max. Vcc; CSn -> Vcc- 0.2V, 

Vlfvj >_ VcC - 0.2V or 

V IN <. 0.2V 


120 

mA 


Capacitance^ 


Parameters 

Description 

Test Conditions 

Max. 

Units 


Input Capacitance (A x , WE) 

T a = 25 °C, f = 1 MHz, 

V CC = 5.0V 

60 

pF 


Input Capacitance (CS) 

25 

pF 


Output Capacitance 

15 

pF 


'iotes: 

[. V IL ( M | N ) =-3.0V for pulse widths less than 20ns. 3. Tested on a sample basis. 

!. A pull-up resistor to Vfcc on the CS input is required to keep the device 
deselected during \£ c power-up, otherwise I S b will exceed values 
given. 

\.C Test Loads and Waveforms 


R1 481 a 


5V Q 
OUTPUT O 



5V O- 
OUTPUT O- 


INCLUDING 
JIG AND 
SCOPE 


Equivalent to: THEVENIN EQUIVALENT 
1670. _ 

OUTPUT O wv O 1.73V 


R1 481 SI 



3.0V 

GND — ■ 

.<_ 5 ns 


ALL INPUT PULSES 




(*- ^.5 ns 


1832-4 
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Switching Characteristics Over the Operating Range 141 


Parameters 

Description 

1832PZ-25C 

1832PZ-35 

1832PZ-45 

1832PZ-55 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

tRC 

Read Cycle Time 

25 


35 


45 


55 


ns 

tAA 

Address to Data Valid 


25 


35 


45 


55 

ns 

tOHA 

Data Hold from Address Change 

3 


3 


3 


3 


ns 

tACS 

CS LOW to Data Valid 


25 


35 


45 


55 

ns 

‘LZCS 

CS LOW to Low Z [6 > 

2 


3 


3 


3 


ns 

tnzcs 

CS HIGH to High Z l5>6] 

0 

15 

0 

25 


30 

0 

30 

ns 

tpu 

CS LOW to Power-Up 

0 






0 


ns 

tpD 

CS HIGH to Power-Down 


25 


35 


45 


55 

ns 

WRITE CYCLE 1 7 1 

twc 

Write Cycle Time 

25 


35 


45 


55 


ns 

tscs 

CS LOW to Write End 

20 


30 


40 


45 


ns 

tAW 

Address Set-Up to Write End 

20 


30 


35 


45 


ns 

‘HA 

Address Hold from Write End 

2 


2 


5 


5 


ns 

tSA 

Address Set-Up to Write Start 

2 


3 


5 


5 


ns 

lisa 

WE Pulse Width 

20 


30 


35 


45 


ns 

tSD 

Data Set-Up to Write End 

15 


20 


25 


35 


ns 

‘HD 

Data Hold from Write End 

3 


5 


5 


5 


ns 

tLZWE 

WE HIGH to Low Zl 6 ! 

3 


3 


3 


3 


ns 

tHZWE 

WE LOW to High Z [5 ' 61 

0 

15 

0 

15 

0 

20 

0 

30 

ns 


Notes: 

4. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5V, input levels of 0 to 3.0V and output loading 
of the specified Iol/Ioh and 30-pF load capacitance. 

5. tnzcs and t H zwE are specified with Cl = 5 pF as in part (b) of 
AC Test Loads. Transition is measured ± 500 mV from steady state 
voltage. 

6 . At any given temperature and voltage condition, tnzcs > s less than 
•lzcs for any given device. These parameters are guaranteed and not 
100 % tested. 

7. The inter nal w rite time of the memory is defined by the overlap of CS 
LOW and WE LOW. Both signals must be LOW to initiate a write and 
either signal can terminate a write by going HIGH. The data input 


set-up and hold timing should be referenced to the rising edge of the 
signal that terminates the write. 

8 . WE is HIGH for read cycle. 

9. Device is continuously selected, CS = Vjl. 

10. Address valid prior to or coincident with CS transition low. 

11. CSi, CS 2 , CS 3 and CS 4 are represented by CS in the Switching Char- 
acteristics and Waveforms. 

12. If CS goes HIGH simultaneously with WE HIGH, the output remains 
in a high-impedance state. 


Switching Waveforms 1111 

Read Cycle No. 1 [8 ’ 9] 



m Irc w 


ADDRESS ^ 

i ? 



tAA 

P *OHA 


1 


DATA OUT 

s 

PREVIOUS DATA VALID 


^ DATAVAUD 


1832 - 


8-98 
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Switching Waveforms (continued) 
Read Cycle No. 2 [8, 101 


CYM1832 



Write Cycle No. 1 (WE Controlled)' 71 



1832-7 


Write Cycle No. 2 (CS Controlled) [7, 121 



« t wc *| 


ADDRESS 3 


t- 



m 'scs * 

V ^ 




E5 ““ 

3 




N *PWE *»] 

£ 3 

1 


VMWMWMmwMmm 



I"* H *hd 

DATA IN ^ £■ 

[ DATA-IN VALID -jjf- 


^ 'hzwe m 

1 

3 EDANCE 

DATA OUT DATA UNDEFINED 

\ HIGH IMF 

) 
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CYPRESS 

SEMICONDUCTOR 


CYM1832 


Truth Table 


CS N 

WE 

Input/Outputs 

Mode 

H 

X 

High Z 

Deselect/Power-Down 

L 

H 

Data Out 

Read 

L 

L 

Data In 

Write 


Ordering Information 


Speed 

Ordering Code 

Package 

Type 

Operating 

Range 

25 

CYM 1832PZ-25C 

PZ02 

Commercial 

35 

CYM 1832PZ-35C 

PZ02 

Commercial 

45 

CYM1832PZ45C 

PZ02 

Commercial 

55 

CYM 1832PZ-55C 

PZ02 

Commercial 


Document #: 38-M-00019-A 
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PRELIMINARY CYM1841 



Features 

• High-density 8-Mbit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 35 ns 

• Low active power 

— 5.3W (max.) 

• SMD technology 

• TTL-compatible inputs and outputs 

• Low profile 

— Max. height of .58 in. 

• Small PCB footprint 

— 1.3 sq. in. 

• JEDEC-compatible pinout 


Functional Description 

The CYM1841 is a high-performance 
8-Mbit static RAM module organized as 
256K words by 32 bits. This module is 
constructed from eight 256K x 4 SRAMs 
in SOJ packages mounted on an epoxy 
laminate board wit h pins. Four chip se- 
lects (CSj, CS 2 , CS 3 , CS 4 ) are used to in- 
dependently enable the four bytes. Read- 
ing or writing can be executed on individ- 
ual bytes or any combination of multiple 
bytes through proper use of selects. 

Writing to each byte is accomplished 
when the appropr iate chip selects (CSn) 
and write enable (WE) inputs are both 
LOW. Data on the input/output pins 
(I/O x ) is written into the memory 


location specified on the address pins 
(Ao through A 17 ). 

Reading the device is accomplished by 
taking the chi p se lects (CS N ) LOW, while 
write enable (WE) remains HIGH. Under 
these conditions the contents of the 
memory location specified on the address 
pins will appear on the data input/output 
pins (I/O*). 

The data input/output pins stay in the 
high- impedance state when write enable 
(WE) is LOW, or the appropriate chip 
selects are HIGH. 

Two pins (PDO and PD1) are used to 
identify module memory density in 
applications where alternate versions 
of the JEDEC standard modules can be 
interchanged. 



{election Guide 



Maximum Access Time (ns) 
Maximum Operating Current (mA) 
Maximum Standby Current (mA) 
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480 

























CYPRESS 

SEMICONDUCTOR 


PRELIMINARY CYM1841 


Maximum Ratings 

(Above which the useful life may be impaired) 


Storage Temperature -55°C to + 125°C 

Ambient Temperature with 

Power Applied 0°Cto+70°C 

Supply Voltage to Ground Potential -0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State -0.5V to + 7.0V 


DC Input Voltage -0.5V to + 7.0V 

Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to +70°C 

5V ± 10% 


Electrical Characteristics Over the Operating Range 


Parameters 

Description 

Test Conditions 

CYM1841PZ 

Units 

Min. 

Max. 

VoH 

Output HIGH Voltage 

V C c = Min., Ioh = -4.0 m A 

2.4 


V 

VoL 

Output LOW Voltage 

V C c — Min., Iol = 8.0 mA 


0.4 

V 

V,H 

Input HIGH Voltage 


2.2 

Vcc 

V 

V , L 

Input LOW Voltage 


-0.5 

0.8 

V 

Iix 

Input Load Current 

GND <lV,< V cc 

-16 

+ 16 

mA 

loz 

Output Leakage Current 

GND <.V 0 <. Vcc, Output Disabled 

-10 

+ 10 

mA 

Icc 

V C c Operating Supply 
Current 

Vcc = Max., Iout = 0 mA 

CSn <. V IL 


960 

mA 

IsBl 

Automatic CS Power- 
Down Current [2] 

Max. VccJ CSn >.V m 

Min. Duty Cycle = 100% 


480 

mA 

ISB2 

Automatic CS Power- 
Down Current 121 

Max. V cc ; CSn ^ V cc -0.2V 

V IN >. V cc - 0.2V or V IN <. 0.2V 


16 

mA 


Capacitance 31 


Parameters 

Description 

Test Conditions 

Max. 

Units 

ClN 

Input Capacitance 


70 


CqUT 

Output Capacitance 

20 



Notes: 

1. Not more than 1 output should be shorted at one time. Duration of the 2. A pull-up resistor to Vcc on the CS input is required to keep the device 

short circuit should not exceed 30 seconds. deselected during V C c power-up, otherwise I S b will exceed values 

given. 

3. Tested on a sample basis. 

AC Test Loads and Waveforms 


R1 481a 



(a) 


R1 481a 



255 O, 


(b) 


Equivalent to: THEVENIN EQUIVALENT 

_ 167a _ 

OUTPUT O wv O 1.73V 


3.0V 

GND 

j<_5 ns 


ALL INPUT PULSES 



90% 

10% 


X 


90% 

10 % 


< 5 m 


1841 
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CYPRESS 

SEMICONDUCTOR 


PRELIMINARY CYM1841 


Switching Characteristics Over the Operating Range! 1 * * 4 ! 


Parameters 

Description 

1841PM-35 

1841PZ-35 

1841PM-45 

1841PZ-45 

1841PM-55 

1841PZ-55 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

Irc 

Read Cycle Time 

35 


45 


55 


ns 

Iaa 

Address to Data Valid 


35 


45 


55 

ns 

toHA 

Data Hold from Address Change 

5 


5 


5 


ns 

tACS 

CS LOW to Data Valid 


35 


45 


55 

ns 

tDOE 

OE LOW to Data Valid 


25 


30 


35 

ns 

tLZOE 

OE LOW to Low Z 

0 


0 




ns 

tHZOE 

OE HIGH to High Z 


15 


15 


15 

ns 

tLZCS 

CS LOW to Low Z! 6 1 

10 


10 


10 


ns 

Ihzcs 

CS HIGH to High Z! 5 - 6 ! 


20 


20 


20 

ns 

tpu 

CS LOW to Power-Up 

0 


0 


0 


ns 

tpD 

CS HIGH to Power-Down 


35 


45 


55 

ns 

WRITE CYCLE! 7 ! 

twc 

Write Cycle Time 

35 


45 


55 


ns 

tscs 


30 


40 


50 


ns 

tAW 

Address Set-Up to Write End 

30 


40 


50 


ns 

*HA 

Address Hold from Write End 

2 


2 


2 


ns 

tSA 

Address Set-Up to Write Start 

2 


2 


2 


ns 

tpWE 

WE Pulse Width 

30 


35 


45 


ns 

tsD 

Data Set-Up to Write End 

20 


25 


35 


ns 

!hd 

Data Hold from Write End 

0 


0 


0 


ns 

tLZWE 

WE HIGH to Low Z' 6 ! 

0 


0 


0 


ns 

tftZWE 

WE LOW to High Z' 5 ' 6 ! 

0 

10 

0 

15 

0 

15 

ns 


Notes: 


1. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5 V, input levels of 0 to 3.0V and output loading 

of the specified Ioi/Ioh and 30-pF load capacitance. 

5- tuzcs and tnzwE are specified with C L = 5 pF as in part (b) of 
AC Test Loads. Transition is measured ± 500 mV from steady state 

voltage. 

5. At any given temperature and voltage condition, t H zcs is less than 

t L zcs for any given device. These parameters are guaranteed and not 
100% tested. 

7. The inter nal w rite time of the memory is defined by the overlap of CS 
LOW and WE LOW. Both signals must be LOW to initiate a wri te and 
either signal can terminate a write by going HIGH. The data input 


set-up and hold timing should be referenced to the rising edge of the 
signal that terminates the write. 

8. WE is HIGH for read cycle. 

9. Device is continuously selected, CS = V (L and OE = Vjl- 

10. Address valid prior to or coincident with CS transition low. 

11. CS ! , CS2, CS3, CS4 are represented by CS in the Switching Character- 
istics and Waveforms. 

12. If CS goes HIGH simultaneously with WE HIGH, the output remains 
in a high-impedance state. 
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CYPRESS 

SEMICONDUCTOR 


PRELIMINARY CYM1841 


Data Retention Characteristics (L Version Only) 


Parameter 

Description 

Test Conditions 

CYM1841 

Units 

Min. 

Max. 

Vdr 

V C c for Retention Data 

V cc = 2.0V, 

CE >. V cc - 0.2V 

V IN ^ Vcc -0.2V 
or V, N <. 0.2V 

2.0 



IcCDR 

Data Retention Current 


800 

mA 

tcDR* 14 * 

Chip Deselect to Data Retention Time 

0 


ns 


Operation Recovery Time 

5 


ms 


Notes: 

13. Irc = Read Cycle Time. 14. Guaranteed, not tested. 

Data Retention Waveform 



Switching Waveforms lu > 

Read Cycle No. I 1 *’ 91 



m t RC •> 


ADDRESS ^ 

i ? 



m <AA' 

P *OHA 


i 


DATA OUT previous data valid —j 

wm 

£ DATA VALID 


i84i-e 
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CYPRESS 

SEMSSONDUCTOR 


PRELIMINARY CYM1841 


Truth Table 


CS N 

WE 

OE 

Input/Outputs 

Mode 

H 

X 

X 

High Z 

Deselect/Power-Down 

L 

H 

L 

Data Out 

Read 

L 

L 

X 

Data In 

Write 

L 

H 

H 

High Z 

Deselect 


Ordering Information 


Speed 

Ordering Code 

Package 

Type 

Operating 

Range 

35 

CYM1841PM-35C 

PM02 

Commercial 

CYM1841LPM-35C 

PM02 

CYM 1841PZ-35C 

PZ03 

CYM 1841LPZ-35C 

PZ03 

45 

CYM1841PM-45C 

PM02 

Commercial 

CYM1841LPM-45C 

PM02 

CYM 1841PZ-45C 

PZ03 

CYM 1841LPZ-45C 

PZ03 

55 

CYM 1841PM-55C 

PM02 

Commercial 


CYM1841LPM-55C 

PM02 



CYM 1841PZ-55C 

PZ03 



CYM 1841LPZ-55C 

PZ03 
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PRELIMINARY CYM1910 


CYPRESS 
SEMICONDUCTOR 


16K x 68 SRAM Module 


Features 

• High-density 1-megabit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 25 ns 

• Low active power 

- 10.4W (max.) 

• SMD technology 

• Registered address inputs 

• Four completely independent memory 
banks 

• Small PCB footprint 

— 1.9 sq. in. 


Functional Description 

The CYM1910 is a very high perform- 
ance 1-megabit static RAM module 
organized as 16K words by 68 bits. This 
module is constructed using seventeen 
16K x 4 static RAMs in SOJ packages 
mounted onto an epoxy laminate board 
with pins. The memory is organized as 
three banks of 16K x 16 and one of 16K x 
20, each of which has its own chip select, 
write enable, and output enable signals. 
Writing to the module is accomplished 
when the approp riate chip select (CS X ) 
and write enable (WE*) inputs are both 
LOW. Data on the appropriate input/out- 
put pins (I/O nn ) of the device is written 


into the memory location specified by the 
content of the address register. The ad- 
dress register is loaded on the rising edge 
of the clock signal (CLK). 

Reading the device is accomplished by 
taking chip selec t (CS X ) and output enable 
(OE x ) low while WE* remains inactive or 
HIGH. Under these conditions, the con- 
tents of the memory location specified by 
the contents of the address register will 
appear on the appropriate data input/out- 
put pins (I/O nn ). 

The data input/output pins remain in a 
high-impedance state w hen chip select 
(CS X ) or output ena ble ( OEx) is HIGH, or 
when write enable (WE X ) is LOW. 


Logic Block Diagram 


Pin Configuration 



l/Oo-67 


1910-1 


Plastic VDIP 
Top View 


1 » 

104 

2 

103 

3 

102 

4 

101 

5 

100 

6 

99 

7 

98 

8 

97 

9 

96 

10 

95 

11 

94 

12 

94 

13 

92 

14 

91 

15 

90 

16 

89 

17 

88 

18 

87 

19 

86 

20 

85 

21 

84 

22 

83 

23 

82 

24 

81 

25 

80 

26 

79 

27 

78 

28 

77 

29 

76 

30 

75 

31 

74 

32 

73 

33 

72 

34 

71 

35 

70 

36 

69 

37 

68 

38 

67 

39 

66 

40 

65 

41 

64 

42 

63 

43 

62 

44 

61 

45 

60 

46 

59 

47 

58 

48 

57 

49 

56 

50 

55 

51 

54 

52 

53 


1/033 

l/0 3;! 

l/0 3 , 

I/O30 

1/02 9 

1/02, 

1/027 

UOj, 

WH a 

GND 

= 

P WE, 
|/0*5 
I/O24 

p- 1/023 

^ I/O22 

U l/0 2 , 
—3 I/O20 
3 l/0 19 


1910-2 
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CYPRESS 

SEMKXNDUCTOR 


PRELIMINARY CYM1910 


Selection Guide 



1910PV-25 

1910PV-35 

1910PV-45 

Maximum Access Time (ns) 

25 

35 

45 

Maximum Operating Current (mA) 

1900 

1900 

1900 

Maximum Standby Current (mA) 

650 

650 

650 


Maximum Ratings 

(Above which the useful life may be impaired) DC Input Voltage -0.5V to + 7.0Y 

Storage Temperature -45°C to + 125°C Operating Range 


Ambient Temperature with 

Power Applied 

.... -10 °C to +85°C 

Range 

Ambient 

Temperature 

Vcc 

Supply Voltage to Ground Potential 

-0.5V to + 7.0V 

Commercial 

0°C to +70°C 

5V ± 10% 


DC Voltage Applied to Outputs 

in High Z State -0.5V to + 7.0V 

Electrical Characteristics Over the Operating Range 


Parameters 

Description 

Test Conditions 

CYM1910PV 

Units 

Min. 

Max. 

Vqh 

Output HIGH Voltage 

Vcc = Min., Iqh = —4.0 mA 

2.4 


V 

Vql 


Vcc = Min., I 0 l = 8.0 mA 


0.4 

V 

V,H 

Input HIGH Voltage 


2.2 

Vcc 

V 

V, L 

Input LOW Voltage 111 


-0.5 

0.8 

V 

IlXA 

Input Load Current OE, 
WE, CS 

GND <. Vi <l V cc 

-15 

+ 15 

pA 

ilXB 

Input Load Current 

Ao - Au, CLK 

GND <. V, <. V cc 

-1.2 

+ .040 

mA 

loz 

Output Leakage Current 

GND <-V 0 <. Vcc, Output Disabled 

-15 

+ 15 

|iA 

I CC 

Vcc Operating Supply 
Current 

Vcc 55 Max., Iout = 0 mA, CS <_ Vjl 


1900 

mA 

IsBl 

Automatic CS 

Power-Down Current 121 

Vcc = Max., CS_>.Vih, 

Min. Duty Cycle = 100% 


650 

mA 


Capacitance 131 


Parameters 

Description 

Test Conditions 

Max. 

Units 

C,NA 

Input Capacitance (Ao - A 13 , CLK) 

T a = 25 °C, f = 1 MHz, 

Vcc = 5.0V 

20 

pF 

C[NB 

Input Capacitance (OE, WE, CS) 

35 

pF 

Cout 

Output Capacitance 

15 

pF 


Notes: 

1. Vil(min) = -3.0V for pulse widths less than 20 ns. 


AC Test Loads and Waveforms 


5V O 


481 si 
-Wv — I 


OUTPUT O- 


30 pF 


INCLUDING 
JIG AND 
SCOPE 




255n 


(a) 


481 si 


OUTPUT O 



2. A pull-up resistor to V C c on the CS input is required to keep the 
device deselected during V cc power-up, otherwise Isb will exceed 
values given. 

3. Tested on a sample basis. 


255n, 


ALL INPUT PULSES 



1910-3 


191 
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PRELIMINARY CYM1910 



CYPRESS 
F SEMODNDUCTOR 


Switching Characteristics Over the Operating Range 141 


Parameters 

Description 

1910PV-25 

1910PV-35 

1910PV-45 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

Irc 

Read Cycle Time 

CLK Cycle Time 

25 


35 


45 


ns 

tcA 

CLK to Data Valid Access Time 


25 


35 


45 

ns 

tsAC 

Address Set-Up to CLK Rising Edge 

3 


4 


4 


ns 

Ihac 

Address Hold from CLK Rising Edge 

2 


2 


2 


ns 

toHC 

Data Hold from CLK Rising Edge 

5 


5 


5 


ns 

tACS 

CS LOW to Data Valid 


20 


30 


40 

ns 

Idoe 

OE LOW to Data Valid 


15 


20 


25 

ns 

Ilzoe 

OE LOW to Low Z 

3 


3 


3 


ns 

Ihzoe 

OE HIGH to High ZJ 5 ! 

0 

10 

0 

15 

0 

20 

ns 

Ilzcs 

CS LOW to Low Z' 6 ' 

3 


3 


3 


ns 

tHZCS 

CS HIGH to High Z™ 


10 


15 


20 

ns 

WRITE CYCLE 

twc 

Write Cycle Time 

25 


35 


45 


ns 

tsAC 

Address Set-Up to CLK Rising Edge 

3 


4 


4 


ns 

Ihac 

Address Hold from CLK Rising Edge 

2 


2 


2 


ns 

tscs 

CS LOW to Write End 

20 


25 


35 


ns 

tew 

CLK Rising Edge Set-Up to Write End 

25 


30 


40 


ns 

tHC 

CLK Rising Edge Hold from Write End 

0 


0 


0 


ns 

tsc 

CLK Rising Edge Set-Up to Write Start 

10 


10 


10 


ns 

tpWE 

WE Pulse Width 

15 


20 


25 


ns 

tsD 

Data Set-Up to Write End 

15 


20 


25 


ns 

tHD 

Data Hold from Write End 

2 


2 


2 


ns 

tLZWE 

WE HIGH to Low Z 

3 


3 


3 


ns 

tHZWE 

WE LOW to High Z 


10 


15 


20 

ns 


Notes: 

4. Test Conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1 .5 V, input levels of 0 to 3.0V and output loading 
of the specified Iqi/Ioh and 30-pF load capacitance. 

5- t H zcs and tnzoE are specified with Cl = 5 pF as in part (b) of 
AC Test Loads. Transition is measured ± 500 mV from steady state 
voltage. 

6. At any given temperature and voltage condition, 4izcs is less than 
Ilzcs f° r any given device. These parameters are guaranteed and not 
100% tested. 

7. The inter nal w rite time of the memory is defined by the overlap of CS 
LOW and WE LOW. Both signals must be LOW to initiate a write and 


either signal can terminate a write by going HIGH. The data input 
set-up and hold timing should be referenced to the rising edge of the 
signal that terminates the write. 

8. WE is HIGH for read cycle. 

9. Device is continuously selected, CS = Vi L . 

10. Address valid prior to or coincident with CS transition low. 

11. If CS goes HIGH simultaneously with WEHIGH, the output remains 
in a high-impedance state. 


8-109 





























































































































































CYPRESS 

SEMICONDUCTOR 


PRELIMINARY CYM1910 


Switching Waveforms 

Read Cycle No. ll 8 ’ 9) 
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PRELIMINARY CYM1910 



Thith Table 


m 

EH 

cm 

Inputs/Outputs 

Mode 

El 

m 

n 

K3SEB1 

Deselect/Power-Down 


■a 

wm 

Data Out 

Read Word 

in 

■a 

K9 

Data In 

Write Word 

n 

B 

ra 

High Z 

Deselect 


Ordering Information 


Speed 

Ordering Code 

Package 

Type 

Operating 

Range 

25 

CYM1910PV-25C 

PV02 

Commercial 

35 

CYM1910PV-35C 

PV02 

Commercial 

45 

CYM1910PV-45C 

PV02 

Commercial 


Document #: 38-M-00023-A 


8-112 




























PRELIMINARY CYM1911 



Features 

• High-density 1-megabit SRAM module 

• High-speed CMOS SRAMs 
— Access time of 25 ns 

• Low active power 

- 10.4W (max.) 

• SMD technology 

• Latched address inputs 

• Four completely independent memory 
banks 

• Small PCB footprint 

— 1.9 sq. in. 

Functional Description 

The CYM1911 is a very high 
performance 1-megabit static RAM 


module organized as 16K words by 
68 bits. This module is constructed using 
seventeen 16K x 4 static RAMs in SOJ 
packages mounted onto an epoxy lami- 
nate board with pins. The memory is 
organized as three banks of 16K x 16 and 
one of 16K x 20, each of which has its 
own chip select, write enable, and output 
enable signals. 

Writing to the module is accomplished 
when the appropr iate chip select (CS X ) 
and write enable (WE X ) inputs are both 
LOW. If Latch Enable (ALE) is HIGH, 
data on the appropriate input/output pins 
a/O n n) of the device is written into the 
memory location specified on the address 
pins (Ao through Ai 3 ). If ALE is LOW, 
data is written into the address specified 


by the contents of the address latch. The 
value in this latch is updated on the fall- 
ing edge of ALE. 

Reading the device is accomplished by 
takin g ch ip select (CS X ) and output en- 
able (OE x ) LOW while WE X remains in- 
active or HIGH. If Latch Enable (ALE) 
is HIGH, the contents of the memory 
location specified on the address pins 
(Aq through A !3 ) will appear on the ap- 
propriate data input/output pins (I/0„„). 
If ALE is LOW, the contents of the 
memory location specified by the value in 
the address latch will appear on I/O nn . 
The data input/output pins remain in a 
high-impedance state when chip select 
(CS X ) or output enabl e (OE x ) is HIGH, 
or when write enable (WE X ) is LOW. 
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SEMICONDUCTOR 


PRELIMINARY CYM1911 


Selection Guide 



1911PV-25 

1911PV-35 

1911PV-45 

Maximum Access Time (ns) 

25 

35 

45 

Maximum Operating Current (mA) 

1900 

1900 

1900 

Maximum Standby Current (mA) 

650 

650 

650 


Maximum Ratings 

(Above which the useful life may be impaired) 


Storage Temperature -45°C to + 125°C 

Ambient Temperature with 

Power Applied -10°Cto+85°C 

Supply Voltage to Ground Potential -0.5V to + 7.0V 

DC Voltage Applied to Outputs 

in High Z State -0.5V to + 7.0V 


DC Input Voltage -0.5V to + 7.0V 

Output Current into Outputs (Low) 20 mA 


DC Input Voltage -0.5V to + 7.0V 

Output Current into Outputs (Low) 20 mA 

Operating Range 


Range 

Ambient 

Temperature 

Vcc 

Commercial 

0°C to +70°C 

5V ± 10% 


Electrical Characteristics Over the Operating Range 


Parameters 

Description 

Test Conditions 

CYM1911PV 

Units 

Min. 

Max. 

Von 

Output HIGH Voltage 

Vcc = Min., Ioh = -4.0 mA 

2.4 


v ! 

V OL 

Output LOW Voltage 

Vcc = Min., Iol = 8.0 mA 



V 

V IH 

Input HIGH Voltage 


2.2 

Vcc 

V 

v IL 

Input LOW Voltage! 1 ' 


-0.5 

0.8 

V 

IlXA 

Input Load Current OE, 
WE, CS 

GND j<. Vi <. V cc 

-15 

+ 15 

PA 

llXB 

Input Load Current 

Aq - Au, ALE 

GND <. Vu£. V cc 

-1.2 

+ .040 

mA 

loz 


GND <. V 0 <. Vcc, Output Disabled 

-15 

+ 15 

pA 

Icc 

V C c Operating Supply 
Current 

Vcc = Max., Iout = 0 mA, CS <_ Vic 


1900 

mA 

ISBI 

Automatic CS 

Power-Down Current! 2 ' 

V cc = Max., CS_> V IH , 

Min. Duty Cycle = 100% 


650 

mA 


Capacitancei 3 i 


Parameters 

Description 

Test Conditions 

Max. 

Units 

CiNA 

Input Capacitance (Ao - An, ALE) 

T a = 25 °C, f = 1 MHz, 

V cc = 5.0V 

20 

pF 

CiNB 

Input Capacitance (OE, WE, CS) 

35 

pF 

CoUT 

Output Capacitance 

15 

pF 


Notes: 

1. V IL ( M[N ) = -3.0V for pulse widths less than 20 ns. 2. A pull-up resistor to V c c on the CS input is required to keep the 

device deselected during Vcc power-up, otherwise Isb will exceed 
values given. 


3. Tested on a sample basis. 


AC Test Loads and Waveforms 


5V O- 


481 Cl 
-AW — I 


OUTPUT O — 

30 pF = = 

INCLUDING 
JIG AND 
SCOPE 

(a) 


255 a 


5V O 
OUTPUT O 


481 a 



ALL INPUT PULSES 


3.0V 


255a 


GND 


INCLUDING 
JIG AND -±r 
SCOPE 

(b) 


^.5 ns -H 


90% 

10 % 


I- 
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sbf# cypress 

SEMICONDUCTOR " 1 

Switching Characteristics Over the Operating Range 141 


1911PV-25 


PRELIMINARY CYM1911 


Parameters 

Description 

READ CYCLE 

fac 

Read Cycle Time 

ALE Cycle Time 

Iaa 

Address to Data Valid 

fa)HA 

Data Hold from Address Change 

faA 

ALE to Data Valid Access Time 

tsAL 

Address Set-Up to ALE Falling Edge 

tHAL 

Address Hold from ALE Falling 

Edge 

fa)HL 

Data Hold from ALE Falling Edge 

tACS 

CS LOW to Data Valid 

fa)OE 

OE LOW to Data Valid 

fazOE 

OE LOW to Low Z 

tHZOE 

OE HIGH to High Z 151 

fazes 

CS LOW to Low Z 161 

fazes 

CS HIGH to High Z 15 - 61 

WRITE CYCLE 

twe 

Write Cycle Time 

tsAL 

Address Set-Up to ALE Falling Edge 

tHAL 

Address Hold from ALE Falling 

Edge 

tscs 

CS LOW to Write End 

faw 

ALE Falling Edge Set-Up to Write 
End 

faL 

ALE Falling Edge Hold From Write 
End 

tsL 

ALE Falling Edge Set-Up to Write 
Start 

tpWE 

WE Pulse Width 

tsD 

Data Set-Up to Write End 

fan 

Data Hold from Write End 

fazWE 

WE HIGH to Low Z 

tHZWE 

WE LOW to High Z 


1911PV-35 


1911PV-45 



Notes: 

4. Test Conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.5V, input levels of 0 to 3.0V and output loading 
of the specified Ioi/Ioh ar >d 30-pF load capacitance. 

5. t HZ cs and t HZ OE are specified with C t = 5 pF as in part (b) of AC Test 
Loads. Transition is measured ± 500 mV from steady state voltage. 

6. At any given temperature and voltage condition, fazes is less than 
fazes for any given device. These parameters are guaranteed and not 
100% tested. 

7. The inter nal w rite time of the memory is defined by the overlap of CS 
LOW and WE LOW. Both signals must be LOW to initiate a write and 


either signal can terminate a write by going HIGH. The data input 
set-up and hold timing should be referenced to the rising edge of the 
signal that terminates the write. 

WE is HIGH for read cycle. 

Device is continuously selected, CS = Vil 

Address valid prior to or coincident with CS transition low. 

If CS goes HIGH simultaneously with WE HIGH, the output remains 
in a high-impedance state. 
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II^Jotress PRELIMINARY CYM1911 

- =SS r ^ SEMICONDUCTOR — - ■— 


Switching Waveforms 

Read Cycle No. la (Buffered Address Mode ) 18,95 
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SEMICONDUCTOR 


PRELIMINARY CYM1911 


Switching Waveforms (continued) 

Write Cycle No. la (WE Controlled, Buffered Address Mode) [?l 



1911-8 



1911-9 
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CYPRESS 

SEMICONDUCTOR 


PRELIMINARY CYM1911 


Switching Waveforms (continued) 

Write Cycle No. 2a (CS Controlled, Buffered Address Mode) 17 ' 111 


ADDRESS -j 

C3 



S J 

t 

m ISA m 

m tscs * 

c j 




J 

4 


m t*w I 

* 1 1 We m 

W — 

^ mwwwmwwwv 

* 7777777777777 / 

h— 

*SD *1 


DATA IN -%■ 

DATA-IN VALID 

T 

VlZWE m 

i 

J EDANCE 

DATA OUT DATA UNDEFINED 


* ' 



1911-10 

Write Cycle No. 2b (CS Controlled, Latched Address Mode)* 7, 111 
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CYPRESS 

SEMKCNDUCTCR 


PRELIMINARY CYM1911 


Truth Table 


IfH 


K5t3 

Inputs/Outputs 

Mode 

m 

B 

B 

■BUSH 

Deselect/Power-Down 

m 

B 

n 

Data Out 

Read Word 

B 

L 

B 

Data In 

Write Word 

B 

B 

B 

High Z 

Deselect 


Ordering Information 


Speed 

Ordering Code 

Package 

Type 

Operating 

Range 

25 

CYM1911PV-25C 

PV02 

Commercial 

35 

CYM1911PV-35C 

PV02 

Commercial 

45 

CYM1911PV-45C 

PV02 

Commercial 


Document #: 38-M-00024-A 
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ADVANCED INFORMATION CYM4210 

CYPRESS 1 ~ 1 " — - — 

SEMICONDUCTOR Cascadeable 8K x 9 FIFO 


Features 

• 8K x 9 FIFO buffer memory 

• Asynchronous read/write 

• High-speed 20-MHz read/write 

• Pin-compatible with 7C42X series of 
monolithic FIFOs 

• Low operating power 

— Ice (max.) = 350 mA 

• 600-mil DIP package 

• Empty, full flags 

• Small PCB footprint 
— 0.84 sq. in. 

• Expandable in depth and width 


Functional Description 

The CYM4210 is a first-in first-out 
(FIFO) memory module that is 8,192 
words by 9 bits wide. It is offered in a 
600-mil-wide DIP package. Each FIFO 
memory is organized such that the data is 
read in the same sequential order that it 
was written. Full and empty flags are pro- 
vided to prevent over-run and under-run. 
Three additional pins are also provided to 
facilitate unlimited expansion in width, 
depth, or both. The depth expansion tech- 
nique steers the control signals from one 
device to another in parallel, thus elimi- 
nating the serial addition of propagation 


delays so that throughput is not reduced. 
Data is steered in a similar manner. 

The read and write operations may be 
asynchronous; each can occur at a rate of 
20 MHz. The write operation occurs when 
the write (W) signal is LOW. Read occurs 
when read (R) goes LOW. The 9 data out- 
guts go to the high-impedance state when 
R is HIGH. 

In the depth expansion configuration the 
(XO) pin provides the expansion out in- 
formation that is used to tell the next 
FIFO that it will be activated. 


Logic Block Diagram 


Package Diagram 


DATA INPUTS 
(D0-D8) 


28-Pin DIP Module 




“ I I I I I I I 

rlU l 


DIMENSIONS I 
INCHES 
MIN. 
MAX. 
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ADVANCED INFORMATION CYM4220 

CYPRESS ■■ — — — ==t.- — ■ -=•■-- = 

SEMICONDUCTOR Cascadeable 16 K x 9 FIFO 


Features 

• 16K x 9 FIFO buffer memory 

• Asynchronous read/write 

• High-speed 20-MHz read/write 

• Pin-compatible with 7C42X series of 
monolithic FIFOs 

• Low operating power 

— Ice (max.) = 400 mA 

• 600-mil DIP package 

• Empty and full flags 

• Small PCB footprint 
— 0.84 sq. in. 

• Expandable in depth and width 


Functional Description 

The CYM4220 is a first-in first-out 
(FIFO) memory module that is 16,384 
words by 9 bits wide. It is offered in a 
600-mil-wide DIP package. Each FIFO 
memory is organized such that the data is 
read in the same sequential order that it 
was written. Full and Empty flags are pro- 
vided to prevent over-run and under-run. 
Three additional pins are also provided to 
facilitate unlimited expansion in width, 
depth, or both. The depth expansion tech- 
nique steers the control signals from one 
device to another in parallel, thus elimi- 
nating the serial addition of propagation 
delays so that throughput is not reduced. 
Data is steered in a similar manner. 


The read and write operations may be 
asynchronous; each can occur at a rate of 
20 MHz. The write operation occurs when 
the Write (WQ_signal is LOW. Read occurs 
when Read (R) goes LOW. The 9 data 
output^ go to the high-impedance state 
when R is HIGH. 

A Half-Full (HF) output flag is provided 
that is valid in the standalone and width 
expansion configurations. I n th e depth ex- 
pansion configuration the (XO) pin pro- 
vides the expansion out information which 
is used to tell the next FIFO that it will be 
activated. 


Logic Block Diagram 


Package Diagram 


DATA INPUTS 
(D0-D8) 


28-Pin DIP Module 


1 



WRITE 

POINTER 


RAM ARRAY 
16,384 x 9 


THREE I 
STATE V7* • 
BUFFERS V n 


DATA OUTPUTS 
(00-08) 



I I I I I I I 

"IL <1 

pr rfr 

0.100 0.015 

TYP 0.021 


DIMENSIONS I 
INCHES 
MIN. 
M5(. 


EXPANSION 

LOGIC 
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ECL 


Page Number 


Device Number Description 

CY10E301 Combinatorial ECL 16P8 Programmable Logic Device 9-1 

CY100E301 Combinatorial ECL 16P8 Programmable Logic Device 9-1 

CY10E302 Combinatorial ECL 16P4 Programmable Logic Device 9-6 

CY100E302 Combinatorial ECL 16P4 Programmable Logic Device 9-6 

CY10E422 256 x 4 ECL Static RAM 9-11 

CY100E422 256 x 4 ECL Static RAM 9-11 

CY10E474 1024 x 4 ECL Static RAM 9-18 

CY100E474 1024 x 4 ECL Static RAM 9-18 

CY1E484 40% x 4 ECL Static RAM 9-26 

CY10E484 40% x 4 ECL Static RAM 9-26 

CY100E484 40% x 4 ECL Static RAM 9-26 

CY1E494 16,384 x 4 ECL Static RAM 9-27 

CY10E494 16,384 x 4 ECL Static RAM 9-27 

CY100E494 16,384 x 4 ECL Static RAM 9-27 




CY10E301 

CY100E301 

SEMICONDUCTOR Combinatorial ECL 16P8 

Programmable Logic Device 


Features 

• Standard 16P8 pinout and 
architecture 

— 16 inputs, 8 outputs 

— User-programmable output polarity 

• Ultra high speed/standard power 

— tPD = 3.5 ns (max.) 

— Iee = 240 mA (max.) 

• Low power version 

— tPD = 6 ns (max.) 

— Iee = 170 mA (max.) 

• Both 10KH and 100K compatible 
I/O versions available 

• Enhanced test features 

— Additional test input terms 
— Additional test product terms 


Functional Description 

Cypress Semiconductor’s PLD family 
offers the user the highest level of per- 
formance in ECL Programmable Logic 
Devices. These PLDs are developed by 
Aspen Semiconductor Corporation, a sub- 
sidiary of Cypress Semiconductor, using 
Aspen’s advanced STAR " Bipolar process 
incorporating proven Ti-W fuses. 

The CY 10E301 is lOKH-compatible and 
the CY100E301 is lOOK-compatible. 

These PLDs implement the familiar sum- 
of-products logic functions by selectively 
programming cell elements to configure 
the AND gates by disconnecting either 
the true or complement input term. If all 
inputs are disconnected from an AND 


gate, then a logical true will exist at the 
output of this AND gate. An output polar- 
ity fuse is also provided to allow an 
active LOW to occur if this fuse is blown. 
A security feature provides the user pro- 
tection for the implementation of proprie- 
tary logic. When invoked by blowing the 
security fuse, the contents of the array 
cannot be accessed in the verify mode. 

The CY10E301 and CY100E301 can be 
programmed using Cypress’s QuickPro or 
other industry-standard programming 
equipment. Programming support infor- 
mation can be obtained from local 
Cypress sales offices. 


• Security fuse 


Logic Block Diagram 


Cerdip 
Top View 

Vcc II l/OO Vccz O I/O I I I I 



III l/OO Vcc, O I/O I I I V EE 

C301-1 


Pin Configurations 


PLCC/CLCC 
Top View 



Selection Guide 



mmmm 

10E301-4 

100E301-4 

10E301-5 

10E301L-6 

100E301L-6 

Maximum Input to Output Propagation Delay (ns) 

3.5 

4 

5 

6 

Iee (mA) 

Commercial 

-240 

-240 


-170 

Military 



-240 



Shaded area contains preliminary information. 
STAR is a trademark of Aspen Semiconductor. 
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CY10E301 

CY100E301 


Maximum Ratings 

(Above which the useful life may be impaired. Exposure to 
absolute maximum rated conditions for extended periods may 
affect device reliability. For user guidelines, not tested.) 

Storage Temperature -65°Cto +150°C 

Ambient Temperature with 

Power Applied 111 -55 °C to + 125 °C 

Supply Voltage Vee to Vcc • • -7.0 V to + 0.5V 

Input Voltage Vee to + 0.5V 

Output Current -50 mA 


Electrical Characteristics Over operating Range [2] 


Parameters 

Description 

Test Conditions 

Temperature 111 

10E301 

100E301 

Units 

Min. 

Max. 

Min. 

Max. 

Mdh 

Output HIGH Voltage 

10KH, R l = 50 n to -2V 

Vin = Vjh Min. or Vjl Max. 

E9l^9iS 

-1140 

-920 



mV 

EBBBH 

-1020 

-840 



mV 

Ta= +25°C 

-980 

-810 



mV 

U = +75°C 

-920 

-735 



mV 

Tc= + 125°C 

-900 

-700 



mV 

100K, R l = 50 Cl to -2V 

Vin = Mil Min. or Ml Max. 

T a = 0°C to +85°C 

■ 

■ 

-1025 

-880 

mV 

VOL 

Output LOW Voltage 

10KH, R l = 50 A to -2V 

Vin = Vih Min. or Vie Max. 

Tc = -55°C 

-1950 




mV 

Ta= o°c 

-1950 

-1630 



mV 

Ta= +25°C 

-1950 

-1630 



mV 

TA = +75°C 

-1950 

-1600 



mV 


-1950 

-1590 



mV 

iook, r l = so n to -2V 

Vin = Mh Min. or Ml Max. 

Ta= 0°C to +85°C 

■ 

■ 

-1810 

-1620 

mV 

Mh 

Input HIGH Voltage 

10KH 

Tc = -55 °C 





mV 

t a = o°c 

-1170 

-840 



mV 

Ta = +25°C 

-1130 

-810 



mV 

TA = +75°C 

-1070 

-735 



mV 

Tc= + 125 °C 

-1050 

-700 



mV 

100K 

TA = 0°C to +85°C 



-1165 

-880 

mV 

Ml 

Input LOW Voltage 

10KH 

Tc = -55 °C 

-1950 

-1520 



mV 

ta = o*c 

-1950 

-1480 



mV 

TA = +25°C 

-1950 

-1480 



mV 

Ta= +75°C 

-1950 

-1450 



mV 

T C = + 125 °C 

-1950 

-1440 



mV 

100K 

T a = 0°C to +85°C 



-1810 

-1475 

mV 

Iih 

Input HIGH Current 

Vin = Mh Max. 


220 


220 

mm 

Iil 

Innut LOW Current 

VIN = VIL Min. (Except I/O Dins') 

0.5 


0.5 


am 

tEE 

Supply Current 

(All inputs and outputs 

open) 

Commercial “L ’ (Low Power) 


-170 


-170 

mA 



-240 


-240 

mA 

Military 


-240 



mA 


Notes: 

1. Commercial grade is specified as ambient temperature with transverse air flow greater than 500 linear feet per minute. Military grade is specified as case 
temperature. 

2. See AC Test Loads and Waveforms for test conditions. 


Operating Range Referenced to Vcc at Ground 


Range 

I/O 

Temperature 

V EE 

Commercial 
(Standard, “L’) 

10KH 

0°C to +75°C 
Ambient 

-5.2V ± 5% 

Commercial 
(Standard, “E’) 

100K 

0°C to +85°C 
Ambient 

-4.5V ± 0.3V 

Military 

10KH 

-55 °C to+ 125 °C 
Case 

-5.2V ± 5% 
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CY10E301 

CY100E301 


- ==3=r ^^OTOUCTOR 

Capacitance^ 


Parameters 

Description 

Min. 

iyp. 

Max. 

Units 

ClN 

Input Capacitance 


4 

8 

pF 

COUT 

Output Capacitance 


6 

10 

pF 


Note: 

3. Tested initially and after any design or process changes that may affect these parameters. 


Switching Characteristics Over Operating Rangel 2 ! 


Parameters 

Description 

jU)E30I-3,5 

100E301-3.5 

10E301-4 

100E301-4 

10E301-5 

10E301L-6 

100E301L-6 

Units 

Mia. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

tpD 

Input to Output Propagation Delay 


3.5 


4.0 


5.0 


6.0 

ns 

tr 

Output Rise Time 

0.35 

1-5 

0.35 

1.5 

0..35 


0.35 


ns 

tf 

Output Fall Time 

0.35' 

1.5 

0.35 

H9I 

0.35 


0.35 

1.5 

ns 


Shaded areas contain preliminary information. 

AC Test Loads and Waveforms i 4 5 6 7 *. 9 i 


GND 



V,H 

V,L 



ALL INPUT PULSES 



C301-5 


Notes: 

4- V IL = V IL Min., \[ H = V ]H Max. on 10KH version. 

5. Ml = -1.7V, Vih = -0.9V on 100K version. 

6. R l = 50X1, C < 5 pF (includes fixture and stray capacitance). 

7. All coaxial cables should be 50x1 with equal lengths. The delay of the 

Switching Waveforms 


coaxial cables should be “nulled" out of the measurement. 

8. t r = tf = 0.7 ns. 

9. All timing measurements are made from the 50% point of all 
waveforms. 


INPUT 


OUTPUT 



C301-6 
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CYPRESS 

SEMICONDUCTOR 


CY10E301 

CY100E301 


Functional Logic Diagram (DIP Pinout) 
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CY10E301 

CY100E301 



Ordering Information 


I/O 

tpD 

(ns) 

Iee 

(mA) 

Ordering Code 

Package 

Type 

Operating 

Range 

10KH 

3.5 

240 

CY 10E3O1-3.5DC 

S I>14 '»? 

Commercial 

CY10E301-3.SKC 

• K63 : 

CY10E301-3.5YC 

Y64 

■ 

240 

CY10E301-4DC 

D14 

Commercial 

CY10E301-4KC 

K63 

CY10E301-4YC 

Y64 

5 

240 

CY 10E301-5DMB 

D14 

Military 

CY 10E301-5 YMB 

Y64 

6 

170 

CY 10E301L-6PC 

P13A 

Commercial 

CY10E301L-6JC 

J64 

100K 

3.5 

240 

CYlft0E30l.-3.5DC 

D14 

Commercial 

CY 100E301-3.5KC 

K63 

CY100E30I-3.5YC 

Y64 

■ 

240 

CY 100E301-4DC 

D14 

Commercial 

CY 100E301-4KC 

K63 

CY 100E301-4YC 

Y64 

6 

170 

CY 100E301I^6PC 

P13A 

Commercial 

C Y 100E30 lLr6JC 

J64 


Shaded areas contain preliminary information. 
Document #: 38-A-00011A 


9-5 


































































M CYPRESS 


CY10E302 

CY100E302 


SEMICONDUCTOR 


Combinatorial ECL 16P4 
Programmable Logic Device 


Features 

• Standard 16P4 pinout and 
architecture 

— 16 inputs, 4 outputs 

— User-programmable output polarity 

• Ultra high speed/standard power 

— tpD = 3 ns (max.) 

— lEE = 220 mA (max.) 

• Low-power version 

— tPD = 4 ns (max.) 

— IeE = 170 mA (max.) 

• Both 10KH and 100K compatible 
I/O versions available 

• Enhanced test features 

— Additional test input terms 
— Additional test product terms 

• Security fuse 


Functional Description 

Cypress Semiconductor’s PLD family 
offers the user the highest level of per- 
formance in ECL Programmable Logic 
Devices. These PLDs are developed by 
Aspen Semiconductor Corporation, a sub- 
sidiary of Cypress Semiconductor, using 
an advanced process incorporating proven 
Ti-W fuses. 

The CY10E302 is lOKH-compatible and 
the CY100E302 is lOOK-compatible. 

These PLDs implement the familiar sum- 
of-products logic functions by selectively 
programming cell elements to configure 
the AND gates by disconnecting either 
the true or complement input term. If all 
inputs are disconnected from an AND 
gate, then a logical true will exist at the 
output of this AND gate. An output polar- 
ity fuse is also provided to allow an 


active LOW to occur if this fuse is blown. 
A security feature provides the user pro- 
tection for the implementation of proprie- 
tary logic. When invoked by blowing the 
security fuse, the contents of the array 
cannot be accessed in the verify mode. 
The CY10E302 and CY100E302 can be 
programmed using Cypress’s QuickPro or 
other industry-standard programming 
equipment. Programming support 
information can be obtained from local 
Cypress Semiconductor sales offices. 


Logic Block Diagram 


Cerdip 
Top View 

Vfcc I I I O Vccz O I I I I I 

riii r^n fiFi izTi nfoi hfi pt i itti nFi nri fti nri 


M M vfcsff Vc Ji* Tv? Tv? 


PROGRAMMABLE ARRAY (32 X 32) 


A A A ip 




lil 1 2 1 m □_] [Tj [Tj 0 m [£] [To] [n] OU 

1 I I O V CC1 O I I 


I I V EE 

C302-1 


Pin Configurations 


PLCC/CLCC 
Top View 



Top View 


iC 

id 

od 

^002 d 

od 

Id 


LU 

> 

nnnnfin 


24 23 22 21 20 19 

1 18 

□ l 

2 

17 

□ 1 

3 

16 

□ o 

4 15 

UVcci 

5 

14 

□ o 

6 

13 

□l 

7 8 9 10 11 12 


Selection Guide 



10E302-3 

100E302-3 

10E302-4 

100E302-4 

10E302-4 

10E302L-4 

100E302L-4 

Maximum Input to Output Propagation Delay (ns) 

3 

4 

4 

4 

I EE (mA) 

Commercial 

-220 

-220 


-170 

Military 



-220 
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CY10E302 

CY100E302 


Maximum Ratings 

(Above which the useful life may be impaired. Exposure to 
absolute maximum rated conditions for extended periods may 
affect device reliability. For user guidelines, not tested.) 

Storage Temperature -65 °C to + 150 °C 

Ambient Temperature with 

Power Applied [11 -55°Cto +125°C 

Supply Voltage Vee to Vcc -7.0 V to +0.5V 

Input Voltage Vee to +0.5V 

Output Current -50 mA 


Electrical Characteristics Over the Operating Range Pi 


Parameters 

Description 

Test Conditions 

Temperature [1! 

10E302 

100E302 

Units 

Min. 

Max. 

Min. 

Max. 


Output HIGH Voltage 

10KH, R L = 50 n to -2V 

Vin = Vjh Min. or Vjl Max. 


-1140 

-920 



mV 

t a =o»c 

-1020 

-840 



mV 

Ta= +25°C 

-980 

-810 



mV 

T A = +75°C 

-920 

-735 



mV 

Tc= + 125°C 

-900 

-700 



mV 

100K, R l = 50 fl to -2V 

Vin — Vjh Min. or \^l Max. 

T a = 0°C to 85 °C 

■ 

■ 

-1025 

-880 

mV 

V 0 L 

Output LOW Voltage 

10KH, R l = 50 n to -2V 

Vin — Vih Min. or Vil Max. 

T C = -55 °C 

-1950 

-1650 



mV 

t a = o°c 

-1950 

-1630 



mV 

Ta= +25°C 

-1950 

-1630 



mV 

Ta = +75°C 

-1950 

-1600 



mV 


-1950 

-1590 



mV 

100K, R L = 50 n to -2V 

Vin = Vih Min. or \$l Max. 

T a = 0°C to 85°C 

■ 

■ 

-1810 

-1620 

mV 

Mh 

Input HIGH Voltage 

10KH 






mV 

Ta= 0°C 

-1170 

-840 



mV 

Ta= +25°C 

-1130 

-810 



mV 

T A = +75°C 

-1070 

-735 



mV 

Tc= + 125°C 

-1050 

-700 



mV 

100K 

lA = 0°C to 85 °C 



-1165 

-880 

mV 

Vil 

Input LOW Voltage 

10KH 

Tc= -55 °C 

-1950 

-1520 



mV 

Ta = 0°C 

-1950 

-1480 



mV 

Ta= + 25°C 

-1950 

-1480 



mV 

T a = +75°C 

-1950 

-1450 



mV 

T C = + 125°C 

-1950 

-1440 



mV 

100K 

T A = 0°C to 85°C 




-1475 

mV 

IlH 

Input HIGH Current 



220 


220 

mA 

IlL 

Input LOW Current 

Vin = Vil Min. 

0.5 


0.5 


mA 

J EE 

Supply Current 

(All inputs and outputs 

open) 

Commercial “E’ (Low Power) 


-170 


-170 

mA 

Commercial (Standard Power) 


-220 


-220 

mA 

Military 


-220 



mA 


Votes: 

t. Commercial grade is specified as ambient temperature with transverse air flow greater than 500 linear feet per minute. Military grade is specified as case 
temperature. 

!. See AC Test Loads and Waveforms for test conditions. 


Operating Range Referenced to Vcc at Ground 


Range 

I/O 

Temperature 

V EE 

Commercial 
(Standard, “E’) 

10KH 

0°C to +75°C 
Ambient 

-5.2V + 5% 

Commercial 
(Standard, “E’) 

100K 

0°C to +85°C 
Ambient 

-4.5V + 0.3V 

Military 

10KH 

-55 °C to+125°C 
Case 

-5.2V + 5% 


9-7 













































































































































CYPRESS 

SEMICONDUCTOR 


CY10E302 

CY100E302 


Capacitance! 


Parameters 

Description 

ClN 

Input Capacitance 

COUT 

Output Capacitance 



Max. 

Units 

8 

pF 

10 

pF 




3. Tested initially and after any design or process changes that may affect these parameters. 

Switching Characteristics Over the Operating Range (21 


Parameters 

Description 

tPD 

Input to Output Propagation Delay 

tr 

Output Rise Time 

tf 

Output Fall Time 


10E302-3 

100E302-3 


10E302-4 

100E302-4 



AC Test Loads and Waveforms i 4 5 6 7 8 9 ! 


ALL INPUT PULSES 


v cc • v cci • V CC2 
d out 

% 



-2.0V C 302-4 


4. V, L = V IL Min., \{ H = V, H Max. on 10KH version. 

5. V, L = -1.7V, V IH = -0.9V on 100K version. 

6. R L = 50 W, C < 5 pF (includes fixture and stray capacitance). 

7. All coaxial cables should be 50 W with equal lengths. The delay of the 
coaxial cables should be “nulled” out of the measurement. 


8. t r = t f = 0.7 ns. 

9. All timing measurements are made from the 50% point of all 


Switching Waveforms 


Vqh 

OUTPUT V OL 
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Functional Logic Diagram (DIP Pinout) 


CY10E302 

CY100E302 
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CYPRESS 

SEMICONDUCTOR 


CY10E302 

CY100E302 


Ordering Information 


I/O 

tpo 

(ns) 

Iee 

(mA) 

Ordering Code 

Package 

Type 

Operating 

Range 

10KH 

3 

220 

CY10E302-3DC 

D14 

Commercial 




CY10E302-3KC 

K63 





CY10E302-3YC 

Y64 



MM 

220 

CY10E302-4DC 

D14 

Commercial 


1 


CY10E302-4KC 

K63 



HI 


CY10E302-4YC 

Y64 



mm 

220 

CY 10E302-4DMB 

D14 

Military 


mm 


CY10E302-4YMB 

Y64 



■ 

170 

CY10E302L4PC 

P13A 

Commercial 


WM 


CY10E302L4JC 

J64 


100K 

3 

220 

CY 100E302-3DC 

D14 

Commercial 




CY 100E302-3KC 

K63 





CY 100E302-3 YC 

Y64 



mm 

220 

C Y 100E302-4DC 

D14 

Commercial 


1 


CY100E302-4KC 

K63 



1 


CY 100E302-4YC 

Y64 



■ 

170 

C Y 100E302L-4PC 

P13A 

Commercial 


■ 


CY 100E302L-4JC 

J64 



Document #: 38-A-00012A 
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CYPRESS ■— ~ r - = ~ ~~ e r "' ~ "" 

SEMICONDUCTOR 256 x 4 ECL 

Static RAM 


Features 

» 256 x 4-bit organization 
• Ultra high speed/standard power 

— tAA = 3 ns, tABS = 2 ns 
— IKE = 220 niA 

■ Low-power version 

— tAA = 5 ns 

— lEE = 150 mA 

' Both 10KH/10K and 100K compatible 
I/O versions 

10K/10KH Military version 
On-chip voltage compensation for 
improved noise margin 


• Open emitter output for ease of 
memory expansion 

• Industry-standard pinout 

Functional Description 

The Cypress CY10E422 and CY100E422 
are 256 x 4 ECL RAMs designed for 
scratch pad, control, and buffer storage 
applications. These RAMs are developed 
by Aspen Semiconductor Corporation, a 
subsidiary of Cypress Semiconductor. 
Both parts are fully decoded random 
access memories organized as 256 words 
by 4 bits. The CY10E422 is 10KH-/10K- 


compatible and is available in a Military 
version. The CY 100E422 is 100K- 
compatible. 

The four independent active LOW block 
select (B) inputs control memory selection 
and allow for memory expansion and re- 
configuration. The read and write opera- 
tions are controlled by the state of the ac- 
tive LO_W write enable (W) input. With 
W and B x LOW, the corresponding data 
at D x is written_into the addressed loca- 
tion. To read, W is held HIGH, while B is 
held LOW. Open emitter outputs allow 
for wired-OR connection to expand or 
reconfigure the memory. 



Pin Configurations (cont. p6) 


Cerdip 
Top View 



Cerdip 
Top View 




ided area contains preliminary information. 
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SEMKXMXCTOR - — ■- '- — 

Maximum Ratings 

(Above which the useful life may be impaired. Exposure to 
absolute maximum rated conditions for extended periods may 
affect device reliability. For user guidelines, not tested.) 

Storage Temperature -65 °C to + 150 °C 

Ambient Temperature with 

Power Applied -55°Cto +125°C 

Supply Voltage Vee to Vcc -7.0 to + 0.5V 

Input Voltage Vee to + 0.5V 

Output Current -50 mA 

Electrical Characteristics 


Description 


Parameters 


CY10E422 

CY100E422 


Operating Range Referenced to Vcc 


Range 

I/O 

Ambient 

Temperature 

Vee 

Commercial 
(Standard, “E’) 

10KH/10K 

■ 

°C to 75 °C 

-5.2V ± 5% 

Commercial 
(Standard, “E’) 

100K 

■ 

°C to 85 °C 

-4.5V ± 0.3V 

Military 

(“E’) 

10KH/10K 

-55 °C to + 125 °C 
Case 

-5.2V ± 5% 



Output HIGH Voltage 



Output LOW Voltage 



Input HIGH Voltage 



Input LOW Voltage 


Input LOW Current 


Supply Current 

(All inputs and outputs open) 


Test Conditions 

Temperature [1) 


Tc = -55°C 

10E [21 R l = 50 n to -2V 
Vee= -5.2V 

EnSH 

Ta = +25°C 

Vin = VmMax. or ViLMin. 

Ta = +75°C 


T C = + 125°C 

100K R L = 50 H to -2V 
Vee= -4.5V 

Vin = Vih Max. or Vil Min. 

Ta = 0°C to 85°C 


T C = -55 °C 

10E Rl _ 50 Cl to -2V 

Ta = o°c 

Vee=~-5-2V 

Ta = +25°C 

Vin = Vih Max. or Vil Min. 

Ta = +75°C 


Tc = +125°C 

100K R L = 50 H to -2V 
Vee= -4.5 V 

Vin - Vih Max. or Vil Min. 

Ta = 0°C to 85°C 


rmrwrfi 


Ta = o°c 

10E 

Vee = -5.2V 

Ta = +25°C 

Ta = +75°C 



100K Vee = -4.5V 

Ta = 0°C to 85 °C 


TC = -55°C 


£ 

II 

O 

o 

o 

10E 

Vee = -5.2V 

TA = +25°C 

Ta = +75°C 


Tc = + 125°C 

100KVee= -4.5V 

Ta = 0°C to 85°C 

Vin = Vih Max. 

Vin = Vil Min. 

B inputs 

All other inputs 


Commercial/Military “E’ (Low Power) 



1. Commercial grade is specified as ambient temperature with transverse air flow greater than 500 linear feet per minute. Military grade is specified as cas 
temperature. 

2. 10E specifications support both 10K and 10KH compatibility. 
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CY10E422 

CY100E422 



Capacitance^ 


Parameters 

Description 

CiN 

Input Capacitance 

CQUT 

Output Capacitance 


Max.! 4 ) 

Units 

5 

pF 

6 

pF 


Notes: 


3. Tested initially and after any design or process changes that may affect these parameters. 

4. For all packages except Cerdip (D40), which has maximums of Qn = 8 pF, Cqut = 9 pF. 



Notes: 

5. V IL = V IL Min., \{ H = V IH Max. on 10E version. 

6. V, L = -1.7V, V, H = -0.9V on 100K version. 

7. R l = 50X1, C < 5 pF (3 ns grade) or < 30 pF (5, 7 ns grade) 
(includes fixture and stray capacitance). 


8. All coaxial cables should be 50X1 with equal lengths. The delay of the 
coaxial cables should be “nulled” out of the measurement. 

9. t r = tf = 0.7 ns. 

10. All timing measurements are made from the 50% point of all 
waveforms. 
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CY10E422 

CY100E422 


Switching 


Parameters 


tABS 

‘RBS 


Characteristics Over the Commercial Operating Range 



10E422-3 . 

10E422-5 

10E422-7 

Description 

1008422-3 

100E422-5 

100E422-7 

Min. 

§g Matt, ' 

Min. 

Max. 

Min. 

Max. 

Block Select to Output delay 

— 1 

""X" ' 

0.5 


0.5 

4.0 

Block Select Recovery 


■ i 

0.5 

3.0 

0.5 

4.0 


Address Access Time 


Write Pulse Width 



tWHA 

tWSBS 

tWHBS 


tws 

tWR 



Data Set-Up to Write 
Data Hold to Write 
Address Set-Up/Write 

Address Hold/Write 

Block Select Set-Up/Write 
Block Select Hold/Write 

Write Disable 

Write Recovery 

Output Rise Time 
Output Fail Time 



Shaded area contains preliminary information. 


Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 


ns 

ns 


Switching Characteristics Over the Military Operating Range 


Parameters 

Description 

I0E422-S 

10E422-7 

Units 

— 

7/; Max. 

Min. 

Max. 

tABS 

Block Select to Output delay 

WMMM 

• •/ 4.0 7 • 

0.5 

4.0 

ns 

tRBS 

Block Select Recovery 

- •> 0.5 

4.0 

0.5 

4.0 

ns 

tAA 

Address Access Time 

Hi;- : 12 

5.0 

1.2 

7.0 

ns 

tw 

Write Pulse Width 

5.0 i 


5.0 


ns 

tWSD 

Data Set-Up to Write 

| It 00 • 


1.0 


ns 

l WHD 

Data Hold to Write 

V: • 10 


1.0 


ns 

tWSA 

Address Set-Up/Write 

2.0 


1.0 


ns 

tWHA 

Address Hold/Write 

10 

u 

1.0 


ns 

tWSBS 

Block Select Set-Up/Write 

00 


1.0 


ns 

tWHBS 

Block Select Hold/Write 

10 

WmiWM 

1.0 


ns 

tws 

Write Disable 


■ :• :• 4.0 . = 

0.3 

4.0 

ns 

tWR 

Write Recovery 

o.5 >.• 

5.0 

0.5 

8.0 

ns 

tr 

Output Rise Time 

: to • 

f 2.5 

1.0 

2.5 

ns 

tf 

Output Rill Time 

; .u. 10 . . 

2.5 

1.0 

2.5 

ns 


Shaded area contains preliminaty information. 
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Typical DC and AC Characteristics (10E422/10E422L/100E422/100E422L) 


CY10E422 

CY100E422 


NORMALIZED SUPPLY CURRENT 



4.0 4.5 5.0 5.5 6.0 


NORMALIZED SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 



-55 25 125 


SUPPLY VOLTAGE (V) 


AMBIENT TEMPERATURE (°C) 


NORMALIZED ACCESS TIME 



-55 25 125 


NORMALIZED ACCESS TIME 



4.0 4.5 5.0 5.5 6.0 


AMBIENT TEMPERATURE (°C) 


SUPPLY VOLTAGE (V) 


Pin Configurations 

LCC 
Top View 


Quad Cerpack 
Top View 


jcd 0 > > 



Truth Table 




2 4 2 3 22 21 20 19 


a 3 C 

i 


18 

a 4 |" 

2 


17 

d 3 C 

3 

10E422 

16 

d 4 C 

4 

100E422 

15 

b 3 C 

5 


1 4 

o 3 C 

0 

7 8 9 10 11 12 

1 3 


:a 5 
3 w 
]d 2 

]D, 

3 b 2 

3q 2 


|co O 8 g d 


> S 


Inputs 

Outputs 

Mode 

B x 

W 


Q* 

H 

X 

X 

L 

Disabled 

L 

L 

H 

L 

Write “H” 

L 

L 

L 

L 

Write “I? 

L 

H 

X 

Out 

Read 


PLCC/CLCC 
Top View 
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CYPRESS 
P SEMICONDUCTOR 


CY10E422 

CY100E422 


Ordering Information 


I/O 

Iee 

(mA) 

tAA 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

10E [1,] 

220 

3 

CY10E422-3LC 

L63 

Commercial 

, CY10E422-3KC 

;M ; k63' : . 

CYIDE422-5YC 

Y64 

5 

CY10E422-5YC 

Y64 

CY10E422-5LC 

L63 

CY10E422-5DC 

D40 

CY10E422-5KC 

K63 

150 

5 

: 

Ii>3 

Commercial 

CY10E422U5DC 

D40 

CVi0I42ai>$KC 

K63 

CY10E422U5JC 


CY 10E422L-5DMH 

D40 

Military 


,;:t .k65 : 

CY10E422L-5YMB 

i •. Y64 


CY10E422I^7JC 

J64 

Commercial 

CY10E422L-7KC 

K63 

C Y 10E422L-7LC 

L63 

CY 10E422L-7DC 

D40 

C Y 10E422L-7DMB 

D40 

Military 

C Y 10E422L-7KMB 

K63 

CY 10E422L-7YMB 

Y64 

100K 

220 

3 

CY10QE422-3LC I! 

L63 

Commercial 

CY100E422-3KC 

K63 

CY100E422-3YC 

Y64 

5 

CY100E422-5YC 

Y64 

CY 100E422-5LC 

L63 

C Y 100E422-5DC 

D40 

C Y 100E422-5KC 

K63 

150 

5 

CY 100E422L-5LC 

l<»3 

Commercial 

CY10t)E422E~5DC 

D40 

CYJ00E4221^5KC 

K63 

CY100E422L-5JC 

J64 

1 

CY100E422L-7JC 

J64 

C Y 100E422L-7KC 

K63 

CY 100E422L-7LC 

L63 

CY100E422L-7DC 

D40 



Votes: 

11. 10E specifications support both 10K and 10KH compatibility. 
Shaded area contains preliminaiy information. 

Document 38-A-00002A 
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CY10E474 

CY100E474 


r^VPPFQc; 

SEMICONDUCTOR 


1024 x 4 ECL 
Static RAM 


Features 

• 1024 x 4-bit organization 

• Ultra high speed/standard power 

— = 3 ns, tAcs = 2 ns 
— Ig£ — ■ 275 mA 

• Low-power version 

- tAA = 5 ns 

— I EE “ 190 mA 

• Both 10KH/10K and 100K compatible 
I/O versions 

• 10K/10KH Military version 

• On-chip voltage compensation for 
improved noise margin 


• Open emitter output for ease of 
memory expansion 

• Industry-standard pinout 

Functional Description 

The Cypress CY10E474 and CY100E474 
are IK x 4 ECL RAMs designed for 
scratch pad, control, and buffer storage 
applications. These RAMs are developed 
by Aspen Semiconductor Corporation, a 
subsidiary of Cypress Semiconductor. 
Both parts are fully decoded random 
access memories organized as 1024 words 
by 4 bits. The CY10E474 is 10KH-/10K- 


compatible and is available in a Military 
version. The CY100E474 is 100K- 
compatible. 

The active LOW chip select (S) input 
controls memory selection and allows for 
memory expansion. The read and write 
operations are controlled by thejstate of 
the active LOW write enable (W) input. 
With W and S LOW, the data at D ( i^) 
is written into the addressed location. To 
read, W is held HIGH, while S is held 
LOW. Open emitter outputs allow for 
wired-OR connection to expand the 
memory. 


Logic Block Diagram 


Pin Configurations 



Cerdip 
Top View 



Selection Guide 



10E474-3 

100E474-3 

10E474-5 

100E474-5 

10E474-7 

100E474-7 



5 

7 

Iff. Max. (mA) 

Commercial 

275 

275 


“U 


190 

190 



190 

190 


Shaded area contains preliminary information. 


9-18 






















CYPRESS 

W SEMICCNMJCTOR 


CY10E474 

CY100E474 


Maximum Ratings 

(Above which the useful life may be impaired. Exposure to 
absolute maximum rated conditions for extended periods may 
affect device reliability. For user guidelines, not tested.) 

Storage Temperature -65°Cto +150°C 

Ambient Temperature with 

Power Applied -55 °C to + 125 °C 

Supply Voltage Vee to Vcc -7.0 to + 0.5V 

Input Voltage Vee to +0.5V 

Output Current -50 mA 


Electrical Characteristics 


Parameters 

Description 

Test Conditions 

Temperature (11 

Min. 

Max. 

Units 

Voh 

Output HIGH Voltage 

10E' 2 Ir l = 50 n to -2V 
Vee= -5.2V 

Vin = Vih Max. or Vil Min. 

Tc = -55°C 

-1140 

-900 

mV 

T A = 0°C 

-1000 

-840 

mV 

Ta = +25°C 

-960 

-810 

mV 

Ta = +75°C 

-900 

-735 

mV 

T c = + 125 °C 

-880 

-700 

mV 

100K R L = 50 fl to -2V 
v E e = -4.5 V 

Vin = Vih Max. or Vil Min. 

Ta = 0°C to 85 °C 

-1025 

-880 

mV 

VOL 

Output LOW Voltage 

10E R L = 50 n to -2V 

V EE = -5.2V 

Vin = Vih Max. or Vil Min. 

T C = -55°C 

-1920 

-1670 

mV 

T A = 0°C 

-1870 

-1665 

mV 

Ta = +25°C 

-1850 

-1650 

mV 

Ta = +75°C 

-1830 

-1625 

mV 

Tc = + 125 °C 

-1830 

-1610 

mV 

100K R l = 50 H to -2V 
Vee= -4.5V 

Vin = Vih Max. or Vil Min. 

Ta = 0°C to 85°C 

-1810 

-1620 

mV 

VlH 

Input HIGH Voltage 

10E 

v EE - -5.2V 

E3BS23MI 

-1260 

-900 

mV 

t a = o°c 

-1170 

-840 

mV 

Ta = + 25°C 

-1130 

-810 

mV 

Ta = +75°C 

-1070 

-720 

mV 

ekbsssM 

-1030 

-700 

mV 

100KVee= -4.5V 

Ta = 0°C to 85 °C 

-1165 

-880 

mV 

VlL 

Input LOW Voltage 

10E 

Vee = -5.2V 

TC = -55°C 

-1950 

-1540 

mV 

Ta = 0°C 

-1950 

-1480 

mV 

Ta = +25°C 

-1950 

-1475 

mV 

Ta = +75°c 

-1950 

-1450 

mV 

Tc = + 125°C 

-1950 

-1450 

mV 

100K Vee = -4.5V 

Ta = 0°C to 85 °C 

-1810 

-1475 

mV 

IlH 

Input HIGH Current 

Vin = Vih Max. 


220 

mm 

IlL 

Input LOW Current 

Vin = Vil Min. 

S inputs 

0.5 

170 

if!9 

All other inputs 

-50 


■ 

J EE 

Supply Current 

(All inputs and outputs open) 

Commercial/Military Standard “L’ (Low Power) 

-190 


mA 

Commercial (Standard) 

-275 


mA 


Notes: 

1. Commercial grade is specified as ambient temperature with transverse air flow greater than 500 linear feet per minute. Military grade is specified as case 
temperature. 

2. 10E specifications support both 10K and 10KH compatibility. 


Operating Range Referenced to Vcc 


Range 

I/O 

Ambient 

Temperature 

Vee 

Commercial 
(Standard, “17) 

10KH/10K 

0°C to 75 °C 

-5.2V ± 5% 

Commercial 
(Standard, “E’) 

100K 

0°C to 85 °C 

-4.5V ± 0.3V 

Military 

m 

10KH/10K 

-55 °C to + 125 °C 
Case 

-5.2V ± 5% 
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CY10E474 

CY100E474 


Capacitance^ 


Parameters 

Description 

iyp. 

Max. I 4 ) 

Units 

ClN 

Input Pin Capacitance 

4 

5 

pF 

COUT 

Output Pin Capacitance 

5 

6 

pF 


Notes: 

3. Tested initially and after any design or process changes that may affect these parameters. 

4. For all packages except Cerdip (D40) which has maximums of Cin = 8 pF, Cout = 9 pF. 



Notes: 

5. V IL = V IL Min., \{ H = V IH Max. on 10E version. 

6. V )L = -1.7V, V IH = -0.9V on 100K version. 

7. R l = 50X1, C < 5 pF (3 ns grade) or < 30 pF (5, 7 ns grade) 
(includes fixture and stray capacitance). 


8. All coaxial cables should be 50X1 with equal lengths. The delay of the 
coaxial cables should be “nulled” out of the measurement. 

9. t r = tf = 0.7 ns. 

10. All timing measurements are made from the 50% point of all 
waveforms. 
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CYPRESS 

SEMKXNDUCTOR 


CY10E474 

CY100E474 


Switching Characteristics Over the Commercial Operating Range 


Parameters 

Description 

• I0E474-3 
100E474-3 

10E474-5 

100E474-5 

10E474-7 

100E474-7 

Units 

Mia. 

Max. 

Min. 

Max. 

Min. 

Max. 

tAC 

Input to Output delay 


. 25 / 

0.5 

3.0 

0.5 

5.0 

ns 

tRC 

Chip Select Recovery 


2.5 • ' • 

0.5 

3.0 

0.5 

5.0 

ns 

tAA 

Address Access Time 


3.0 .’A 

1.2 

5.0 

1.2 

7.0 

ns 

tww 

Write Pulse Width 

• 3.0 ' 


5.0 


5.0 


ns 

tSD 

Data Set-Up to Write 



0.0 


0.0 


ns 

l HD 

Data Hold to Write 

10 


0.0 


1.0 


ns 

tSA 

Address Set-Up/Write 

10 


0.0 


1.0 


ns 

tHA 

Address Hold/Write 

10 


0.0 


1.0 


ns 

tsc 

Chip Select Set-Up/Write 



0.0 


0.0 


ns 

tHC 

Chip Select Hold/Write 

10 


0.0 


1.0 


ns 

tws 

Write Disable 


2.5 

0.3 

3.0 

0.3 

6.5 

ns 

tWR 

Write Recovery 


3.5 " 

0.5 

5.0 

0.5 

7.0 

ns 

tr 

Output Rise Time 

035 

! 1.5 •:! 

0.35 

2.5 

1.0 

2.5 

ns 

tf 

Output Fall Time 

035 

— 

0.35 

2.5 

1.0 

2.5 

ns 


Shaded area contains preliminary information. 


Switching Characteristics Over the Military Operating Range 


Parameters 

Description 

10E474-5 

10E474-7 

Units 

Min. 

Max. 

Min. 

Max. 

tAC 

Input to Output delay 

0.5 

4.0 

0.5 

5.0 

ns 

tRC 

Chip Select Recovery 

0.5 

4.0 

0.5 

5.0 

ns 

tAA 

Address Access Time 

1.2 

5.0 

1.2 

7.0 

ns 

tww 

Write Pulse Width 

5.0 


5.0 


ns 

tSD 

Data Set-Up to Write 

0.0 


0.0 


ns 

tffD 

Data Hold to Write 

1.0 


1.0 


ns 

tSA 

Address Set-Up/Write 

1.0 


1.0 


ns 

tHA 

Address Hold/Write 

1.0 


1.0 


ns 

tsc 

Chip Select Set-Up/Write 

0.0 


0.0 


ns 

tHC 

Chip Select Hold/Write 

1.0 


1.0 


ns 

tws 

Write Disable 

0.3 

4.0 

0.3 

6.5 

ns 

tWR 

Write Recovery 

0.5 

5.0 

0.5 

7.0 

ns 

tr 

Output Rise Time 

1.0 

2.5 

1.0 

2.5 

ns 

tf 

Output Fall Time 

1.0 

2.5 

1.0 

2.5 

ns 
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NORMALIZED tAA NORMALIZED l EE 


CYPRESS 

SEMICONDUCTOR 


CY10E474 

CY100E474 


Typical DC and AC Characteristics (10E474/10E474L/100E474/100E474L) 


NORMALIZED SUPPLY CURRENT 



4.0 4.5 5.0 5.5 6.0 


NORMALIZED SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 


1.1 

UJ 1*0 
111 

Q 

N 0.9 
< 

i 0.8 

o 


0.7 


-55 


25 


125 


SUPPLY VOLTAGE (V) 


AMBIENT TEMPERATURE (°C) 


NORMALIZED ACCESS TIME 
vs. AMBIENT TEMPERATURE 



-55 25 125 


NORMALIZED ACCESS TIME 
vs. SUPPLY VOLTAGE 



1.2 

< 

1.1 

< 


G 


UJ 

N 

1.0 

1 

< 


2 

tr 

0.9 

o 


z 

0.8 


4.0 


4.5 


5.0 


5.5 


6.0 


AMBIENT TEMPERATURE (°C) 


SUPPLY VOLTAGE (V) 
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CYPRESS 

SEMICONDUCTOR 


CY10E474 

CY100E474 


Pin Configurations 


PLCC/CLCC 
Top View 

rr n S Q O ^ 

a a ^ z ^ a a 



d 4 

d 3 

d 2 

NC 

D-i 

S 

W 


Quad Cerpack 
Top View 


w C 
s C 


O) CO W CD O 

< < < > < z 

nnnnnn 

24 

23 22 21 20 19 

1 

18 

2 

17 

3 

10E474 16 

4 

100E474 15 

5 

i 4 

6 

13 

7 

8 9 10 11 12 


] a 5 
3 a 4 
3 a 3 
3 a 2 
:a, 
3 A o 


w CM -f CO Tt 

o o H g o o 


LCC 


Top View 



Truth Table 


Input 

Output 

Mode 

S 

"W 

D 

Q 

H 

X 

X 

L 

Disabled 

L 

L 

H 

L 

Write “H” 

L 

L 

L 

L 

Write “E’ 

L 

H 

X 

Dqut 

Read 


H = High Voltage Level 
L = Low Voltage Level 
X = Don’t Care 


D 4 

d 3 


C 4 7 4 -8 
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Ordering Information 


I/O 


100K 275 


CY10E474 

CY100E474 


lOE' 11 ! 275 








Ordering Code 

Package 

Type 

CY100E474-3IJC 

; L63. 

CY10OE474-3YC 

Y64 

CY100E474-3KC 

' K53 : 

CY 100E474-5LC 

L63 

CY 100E474-5DC 

D40 

CY 100E474-5 YC 

Y64 

CY 100E474-5KC 

K63 

CY100E474L-5LC 

L63 

CY 100E474L-5DC 

D40 

CY 100E474L-5JC 

J64 

CY 100E474L-5KC 

K63 

C Y 100E474L-7LC 

L63 

CY100E474I^7DC 

D40 

C Y 100E474L-7JC 

J64 

CY100E474U7KC 

K63 

:: ; CY10E474-3LC 

:: L63 

CY10E474-3YC 

;'; : : .Y64 

CY10E474-3KC 

xm.. ' 

CY10E474-5LC 

L63 

CY10E474-5DC 

D40 

CY10E474-5YC 

Y64 

CY10E474-5KC 

K63 

CY 10E474L-5LC 

L63 

CY 10E474L-5DC 

D40 

CY10E474I^5JC 

J64 

CY 10E474L-5KC 

K63 

CY 10E474L-5DMB 

D40 

CY 10E474L-5KMB 

K63 

CY 10E474L-5 YMB 

Y64 

C Y 10E474L-7LC 

L63 

CY10E474L-7DC 

D40 

CY10E474L-7JC 

J64 

CY 10E474L-7KC 

K63 

CY 10E474D-7DMB 

D40 

C Y 10E474L-7KMB 

K63 

CY10E474I^7YMB 

Y64 


Operating 

Range 


Commercial 



11. 10E specifications support both 10K and 10KH compatibility. 
Shaded area contains preliminary information, 
document #: 38-A-00004B 
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ADVANCED INFORMATION 


CY1E484 

CY10E484 

CY100E484 


CYPRESS 
SEMICONDUCTOR 


4096 x 4 ECL 
Static RAM 


Features 

• 4096 x 4 bits organization 

• Ultra high speed/standard power 

— tAA = 7 ns 

- IEE = TBD mA 

• Low-power version 

— tAA = 7, 10 ns 

- IEE = 180 mA 

• Both 10KH/10K and 100K compatible 
I/O versions 

• On-chip voltage compensation for im- 
proved noise margin 


• Open emitter output for ease of 
memory expansion 

• Industry standard A version pinout 

Functional Description 

The Cypress CY1E484, CY10E484 and 
CY100E484 are 4K x 4 ECL RAMs de- 
signed for scratch pad, control and buffer 
storage applications. These parts are fully 
decoded random access memories orga- 
nized and 4096 words by 4 bits. The 
CY10E484 is 10KH-/10K-compatible. The 
CY100E484 is lOOK-compatible, and the 
CY1E484 is lOOK-compatible with a -5.2V 
supply. 


The active LOW chip select (S) input con- 
trols memory selection and allows for 
memory expansion. The read and write 
operations are controlled by thejstate of 
the active IX) W_ write enable (W) input. 
With (W) and (S) LOW, the data at D (M > 
is written into the addressed location. To 
read, (W) is held HIGH, while (S) is held 
LOW Open emitter outputs allow for 
wired-OR connection to expand the 
memory. The devices are packaged in 
28-pin Cerdips, PLCCs and rectangular 
Cerpacks in the high-performance center 
power-ground version pin configurations. 





1E484-7 

10E484-7 

100E484-7 

1E484-10 

10E484-10 

100E484-10 



7 

10 

Iee Max. (mA) 

Commercial 


TBD 


L 


180 

180 
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PRELIMINARY 


CY1E494 

CY10E494 

CY100E494 


CYPRESS 
SEMICONDUCTOR 


16,384 x 4 ECL 
Static RAM 


Features 

• 16,384 x 4 bits organization 

• Ultra high speed/standard power 

— tAA = 7 ns 

— IEE = 180 mA 

• Low-power version 

— tAA = 12 ns 
— IEE = 135 mA 

• Both 10KH/10K and 100K compatible 
I/O versions as well as 100K with 10K 
supplies 

• On-chip voltage compensation for 
improved noise margin 


• Open emitter output for ease of 
memory expansion 

• Industry standard pinout 

Functional Description 

The Cypress CY1E494, CY10E494 and 
CY100E494 are 16K x 4 ECL RAMs de- 
signed for scratch pad, control, and buffer 
storage applications. These RAMs are de- 
veloped by Aspen Semiconductor Corpo- 
ration, a subsidiary of Cypress Semicon- 
ductor. Both parts are fiilly decoded ran- 
dom access memories organized as 16,384 
words by 4 bits. The CY10E494 is 


10KH-/10K-compatible. The CY100E494 
is lOOK-compatible, and the CY1E494 has 
lOOK-compatible levels with a -5.2V sup- 
ply voltage. 

The active LOW chip select (S) input 
controls memory selection and allows for 
memory expansion. The read and write 
operations are controlled by the_state of 
the active LOW write enable (W) input. 
With W and S LOW, the data at D ( i_ 4 ) is 
written into the addressed location. To 
read W is held HIGH, while S is held 
LOW. Open emitter outputs allow for 
wired-OR connection to expand the 
memory. 


Logic Block Diagram 

As Ag A 10 Ail Ai2 Ai 3 


Ao 
A' 
A 2 
A3 

a 4 

A 5 

Ae 

A/ 



Pin Configuration 


Cerdip 
Top View 



0(1-4) 

s 

"w 

0(1-4) 


{election Guide 



1E494-7 

10E494-7 

1E494-10 

10E494-10 

10E494-12 

100E494-12 

Maximum Access Time (ns) 

7 

10 

12 

Max, Iee ( m A) 

Commercial 

180 

180 


L 



135 
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Maximum Ratings 

(Above which the useful life may be impaired. Exposure to 
absolute maximum rated conditions for extended periods may 
affect device reliability. For user guidelines, not tested.) 

Storage Temperature -65°Cto + 150°C 

Ambient Temperature with 

Power Applied -55 °C to + 125 °C 

Supply Voltage Vee to Vcc -7.0 to + 0.5 V 

Input Voltage Vee to +0.5V 

Output Current -50 mA 

Electrical Characteristics 


Description Test Conditions 


PRELIMINARY 


Operating Range Referenced to Vcc 


Ambient 

Temperature 


Commercial 
(Standard, “E’) 


Commercial 


(Standard, “L’) 


I/O 


10KH/10K 0°C to 75°C 


CY1E494 

CY10E494 

CY100E494 


V EE 


-5.2V ± 5% 


0°C to 85°C 
0°C to 75°C 


Parameters 

Description 

VoH 

Output HIGH Voltage 

VOL 

Output LOW Voltage 

Vih 

Input HIGH Voltage 

Vil 

Input LOW Voltage 

Iih 

Input HIGH Current 

Iil 

Input LOW Current 

J EE 

Supply Current 

(All inputs and outputs open) 


10E (2i R L = 50 fl to -2V 
V E E= -5.2V 

Vin = Vih Max. or Vil Min. 


100E R L = 50 H to -2V 
V E e= -4.5V, lE I31 \fe E = -5.21 
Vin = Vih Max. or Vil Min. 


10E R l = 50 H to -2V 
v E e = -5.2V 

Vin = Vih Max. or Vie Min. 


100E R l = 50 n to -2V 
Vee = -4.5V, 1EI 3 1Vee= -5.2\ 
Vin = Vih Max. or Vil Min. 


10E 

Vee = -5.2V 


100EV E E= -4.5V 
IE 131 V EE = -5.2V 


10E 

v EE = -5.2V 


100E V E E = -4.5V 
1E[ 3 1VEE = -5.2V 


Mn = Mh Max. 


Vin = Vil Min. 


Commercial L 


Temperature 111 

Min. 

Max. 

Units 

ta = o°c 

-1000 

-840 

mV 

Ta = +25°C 

-960 

-810 

mV 

Ta = +75°C 

-900 

-735 

mV 

T a = 0°C to 85 °C 

-1025 

-880 

mV 

T A = o°c 

-1870 

-1665 

mV 

T a = +25°C 

-1850 

-1650 

mV 

T a = +75°C 

-1830 

-1625 

mV 

Ta = 0°C to 85°C 

-1810 

-1620 

mV 

Ta = o°c 

-1170 

-840 

mV 

T a = +25°C 

-1130 

-810 

mV 

T a = +75°C 

-1070 

-720 

mV 

Ta = 0°C to 85°C 

-1165 

-880 

mV 

Ta = o°c 

-1950 

-1480 

mV 

T a = +25°C 

-1950 

-1475 

mV 

Ta = +75°C 

-1950 

-1450 

mV 

Ta = 0°C to 85°C 

-1810 

-1475 

mV 



220 

USB; 

s 

0.5 

170 

M-A 

All others 

-50 



1. Commercial grade is specified as ambient temperature with transverse air flow greater than 500 linear feet per minute. 

2. 10E specifications support both 10K and 10KH compatibility. 

3. IE specifications support 100K compatibility with Vee= -5.2V, Ta = 0°C to 75°C. 
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CY1E494 

CY10E494 

PRELIMINARY CY100E494 



Capacitance^ 1 


Parameters 

Description 

Typ. 

Max. 14] 

Units 

Cin 

Input Pin Capacitance 

3 

6 

pF 

CoUT 

Output Pin Capacitance 

5 

7 

pF 


Notes: 

3. Tested initially and after any design or process changes that may affect these parameters. 

4. For all packages except Cerdip (D42), which has maximums of Qn = 8 pF, Cqut = 9 pF. 


AC Test Loads and Waveforms is, e, 7 . 8 , 9 , 10 ] 

GND 



ALL INPUT PULSES 


A M 


80% 

20% 


-2.0V C494-3 


Notes: 

5. V IL = V IL Min., V[ H = V IH Max. on 10E version. 8. All coaxial cables should be 50 a with equal lengths. The delay of the 

6. V 1L = -1.7V, V IH = -0.9V on 100K version. coaxial cables should be “nulled” out of the measurement. 

7. R l = 50A, C < 5 pF (7 ns grade) or < 30 pF (10, 12 ns grade) 9. t r = tf = 0.7 ns. 

(includes fixture and stray capacitance). 10. All timing measurements are made from the 50% point of all 

waveforms. 


Switching Characteristics Over the Operating Range 


Parameters 

Description 

1E494-7 

10E494-7 

1E494-10 

10E494-10 

10E494-12 

100E494-12 

Units 


Min. 

Max. 

Min. 

Max. 

Min. 

Max. 


tAC 

Input to Output delay 


5.0 


5.0 


5.0 

ns 

tRC 

Chip Select Recovery 


5.0 


5.0 


5.0 

ns 

l AA 

Address Access Time 


7.0 


10.0 


12.0 

ns 

tww 

Write Pulse Width 

5.0 


6.0 


8.0 


ns 

tSD 

Data Set-Up to Write 

1.0 


2.0 


2.0 


ns 

l HD 

Data Hold to Write 

1.0 


2.0 


2.0 


ns 

tSA 

Address Set-Up/Write 

1.0 


2.0 


2.0 


ns 

tHA 

Address Hold/Write 

1.0 


2.0 


2.0 


ns 

tsc 

Chip Select Set-Up/Write 

1.0 


2.0 


2.0 


ns 

tHC 

Chip Select Hold/Write 

1.0 


2.0 


2.0 


ns 

tws 

Write Disable 


5.0 


5.0 


5.0 

ns 

tWR 

Write Recovery 


8.0 


12.0 


14.0 

ns 

tr 

Output Rise Time 

0.35 

1.5 

0.35 

2.5 

0.75 

2.5 

ns 

tf 

Output Fall Time 

0.35 

1.5 

0.35 

2.5 

0.75 

2.5 

ns 
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CY1E494 

CY10E494 

PRELIMINARY CY100E494 



Pin Configurations 


Rectangular Cerpak 
Top View 



SOJ 

Top View 


D,C 

• 

i 

28 

□ 

■5 

d 2 C 

2 

27 

□ 

W 

d 3 C 

3 

26 

□ 

NC 

d 4 C 

4 

25 

□ 

A 13 

Old 

5 

24 

3 

A 12 

q 2 C 

6 

23 

3 

An 

Vcc C 

7 10E494 

22 

□ 

A io 

VccaC 

100E494 

21 

□ 

Vee 

q 3 C 

9 

20 

□ 

Ag 

q 4 C 

10 

19 

□ 

A 8 

A 0 II 

11 

18 

□ 

a 7 

A i C 

12 

17 

□ 

Ae 

a 2 C 

13 

16 

□ 

A 5 

a 3 C 

14 

15 

3 

A 4 


PLCC 
Top View 


qq b d n oI«N 



a 13 

A12 

An 

Aio 

Vee 

a 9 

A 8 


C494-7 


Tfruth Table 


Input 

Output 

Mode 

S 

W 

D 

Q 

H 

X 

X 

L 

Disabled 

L 

L 

H 

L 

Write “H” 

L 

L 

L 

L 

Write “I” 

L 

H 

X 

d OUT 

Read 


H = High Voltage Level 
L = Low Voltage Level 
X = Don’t Care 
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CY1E494 

CY10E494 

PRELIMINARY CY100E494 



Ordering Information 


I/O 

Iee 

(mA) 

*AA 

(ns) 

Ordering Code 

Package 

Type 

Operating 

Range 

IE 

180 

B 

CY1E494-7JC 

J64 

Commercial 



m 

CY1E494-7KC 

K74 




1 

CY1E494-7DC 

D42 




10 

CY1E494-10JC 

J64 





CY1E494-10KC 

K74 





CY1E494-10DC 

D42 


10K 

180 

B 

CY10E494-7JC 

J64 

Commercial 



1 

CY10E494-7KC 

K74 





CY 10E494-7DC 

D42 




10 

CY10E494-10JC 

J64 





CY 10E494-10KC 

K74 





C Y 10E494- 10DC 

D42 



135 

12 

CY10E494Iv-12JC 

J64 

Commercial 




CY 10E494L-12KC 

K74 





CY 10E494L-12VC 

V21 





CY10E494I^12DC 

D42 


100K 

135 

12 

CY 100E494L-12JC 

J64 

Commercial 




C Y 100E494L- 12KC 

K74 





CY100E494D-12VC 

V21 





CY100E494D-12DC 

D42 



Document t: 38-A-00009A 
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Features 

Success in any endeavor requires a high level of dedication to the 
task. Cypress Semiconductor has demonstrated its dedication 
through its corporate commitment to support the military mar- 
ketplace. This commitment starts with product design. All prod- 
ucts are designed on our state-of-the-art CMOS, BiCMOS, and 
Bipolar processes, and they must meet the full - 55 to + 125 de- 
grees Celsius operational criteria for military use. The commit- 
ment continues with the 1986 DESC certification of our auto- 
mated U.S. facility in San Jose, California. The commitment 
shows in our dedication to meet and exceed the stringent quality 
and reliability requirements of MIL-STD-883 and MILM-38510. 
It shows in Cypress’s participation in each of the military process- 
ing programs: MIL-STD-883C compliant, SMD (Standardized 
Military Drawing) and JAN. Finally, our commitment shows in 
our leadership position in special packages for military use. 

Product Design 

Every Cypress product is designed to meet or exceed the full tem- 
perature and functional requirements of military product. This 
means that Cypress builds military product as a matter of course, 
rather than as an accidental benefit of favorable test yield. De- 
signs are being carried out on our industry-leading 0.8 micron 
CMOS, BiCMOS, and Bipolar processes. Cypress is able to offer 
a family of products that are industry leaders in density, low oper- 
ating and standby current, and high speed. In addition, our tech- 
nology results in products with very small manufacturable die 
sizes that will fit into the LCCs and flatpacks so often used in mili- 
tary programs. 

DESC-Certified Facility 

On May 8, 1986, the Cypress facility at 3901 North First Street in 
San Jose, California was certified by DESC for the production of 
JAN Class B CMOS Microcircuits. This certification not only al- 
lows Cypress to qualify product for JAN use, but also assures our 
customers that our San Jose Facility has the necessary documenta- 
tion and procedures to manufacture product to the most stringent 
of quality and reliability requirements. Our wafer fabrication faci- 
lities are Class 10 (San Jose) and Class 1 (Round Rock, TX) man- 
ufacturing environments and our assembly facility is also a clean 
room. In addition, our highly automated assembly facility is lo- 
cated entirely in the U.S.A. and is capable of handling virtually 
any hermetic package configuration. 

Data Sheet Documentation 

Every Cypress final data sheet is a corporate document with a revi- 
sion history. The document number and revision appears on each 
final data sheet. Cypress maintains a listing of all data sheet docu- 
mentation and a copy is available to customers upon request. This 
gives a customer the ability to verify the current status of any data 
sheet and it also gives that customer the ability to obtain updated 
specifications as required. 

Every final data sheet also contains detailed Group A subgroup 
testing information. Each of the specified parameters that are 


tested at Group A are listed in a table at the end of each final data 
sheet, with a notation as to which specific Group A test subgroups 
apply. 

Assembly Traceability Code® 

Cypress Semiconductor marks an assembly traceability code on 
every military package that is large enough to contain the code. 
The ATC automatically provides traceability for that product to 
the individual wafer lot. This unique code provides Cypress with 
the ability to determine which operators and equipment were 
used in the manufacture of that product from start to finish. 

Quality and Reliability 

MIL-STD-883 and MILM-38510 spell out the toughest of quality 
and reliability standards for military products. Cypress products 
meet all of these requirements and more. Our in-house quality 
and reliability programs are being updated regularly with tighter 
and tighter objectives. Please refer to the chapter on Quality, Reli- 
ability, and Process Flows for further details. 

Military Product Offerings 

Cypress offers three different levels of processing for military 
product. 

First, all Cypress products are available with processing in full 
compliance with MIL-STD-883, Revision C. 

Second, selected products are available to the SMD (Standardized 
Military Drawing) program administered by DESC. These prod- 
ucts are not only ftilly MILSTD-883C compliant but they are also 
screened to the electrical requirements of the applicable military 
drawing. 

Third, selected products are available as JAN devices. These prod- 
ucts are processed in full accordance with MILM-38510 and they 
are screened to the electrical requirements of the applicable JAN 
slash sheet. 

Product Packaging 

All packages for military product are hermetic. A look at the pack- 
age appendix in the back of this data book will give the reader an 
appreciation of the variety of packages offered. Included are 
CERDIPs, windowed CERDIPs, leadless chip carriers (LCCs), 
leadless chip carriers with windows for reprogrammable products, 
CERPAK, windowed CERPAK, quad CERR\K, windowed quad 
CERPAK, bottom-brazed flatpacks, and pin grid arrays. As indi- 
cated above, all of these packages are assembled in the U.S. in our 
highly automated San Jose plant. 

Summary 

Cypress Semiconductor is committed to the support of the mili- 
tary marketplace. Our commitment is demonstrated by our prod- 
uct designs, our DESC-certified facility, our documentation and 
traceability, our quality and reliability programs, our support of 
all levels of military processing and by our leadership in special 
packaging. 


Assembly Traceability Code is a trademark of Cypress Semiconductor Corporation. 
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Static RAMs 


Size 

Organization 

Pins 

(DIP) 

Part Number 

JAN/SMD 

Number 

Speed (ns) 

Icc/Isb/IcCDR 

(mA@ns) 

883 

Availability 

64 

16x4— Inverting 

16 

CY7C189 


>AA = 25 

70 @25 

Now 

64 

16 x4 -Non-Inverting 

16 

CY7C190 

5962-89694 

Ua= 25 

70 @25 

Now 

64 

16x4— Inverting 

16 

CY27S03/A 


tAA = 25,35 

100 @35 

Now 

64 

16 x 4 — Non-Inverting 

16 

CY27S07/A 


tAA = 25, 35 

100 @25 

Now 

64 

16x4— Inverting/Low Power 

16 

CY27LS03 


Ua = 65 

38 @65 

Now 

IK 

256 x4— 10K/10KHECL 

24 

CY10E422L 


tAA = 5,7 

150 @5/7 

Now 

IK 

256x4 

22 

CY7C122 

5962-88594 

tAA = 25, 35 

90 @25 

Now 

IK 

256x4 

24S 

CY7C123 


tAA = 10,12,15 

150 @ 15 

Now 

IK 

256x4 

22 

CY9122/91L22 

5962-88594 

tAA = 35,45 

90 @45 

Now 

IK 

256x4 

22 

CY93422A/93L422A 


tAA = 45,55,60,75 

90@55 

Now 

4K 

4Kx 1— CS Power Down 

18 

CY7C147 

M38510/289 

tAA = 35,45 

110/10 @35 

Now 

4K 

4Kxl — CS Power Down 

18 

CY2147 

M38510/289 

tAA = 45,55 

140/25 @45 

Now 

4K 

4Kx 1 — CS Power Down 

18 

CY7C147 

5962-88587 

tAA = 35,45 

110/10 @35 

Now 

4K 

4Kxl — CS Power Down 

18 

CY2147 

5962-88587 

tAA = 45,55 

140/25 @45 

Now 

4K 

1Kx4— 10K/10KHECL 

24 

CY10E474L 


tAA = 5,7 

190 @5/7 

Now 

4K 

1 K x 4 — CS Power Down 

18 

CY7C148 

M38510/289 

tAA = 35,45 

110/10 @35 

Now 

4K 

1Kx 4— CS Power Down 

18 

CY2148 

M38510/289 

tAA = 45,55 

140/25 @45 

Now 

4K 

1Kx4 

18 

CY7C149 


tAA = 35,45 

110@35 

Now 

4K 

1Kx4 

18 

CY2149 


tAA = 45, 55 

140 @45 

Now 

4K 

1Kx 4— Separatel/O 

24S 

CY7C150 

5962-88588 

tAA = 12,15,25,35 

100 @15 

Now 

8K 

1Kx 8— Dual Port 

48 

CY7C130/31 

5962-86875 

tAA = 35,45,55 

120/40 @45 

Now 

8K 

lKx 8 — Dual Port Slave 

48 

CY7C140/41 

5962-86875 

tAA = 35,45,55 

120/40 @45 

Now 

16K 

2Kx8— CS Power Down 

24S 

CY7C128A 

5962-89690 

tAA = 20, 25 

125 @20 

Now 

16K 

2Kx8 — CS Power Down 

24 

CY6116A/7A 

5962-89690 

Iaa = 20, 25 

125 @20 

Now 

16K 

2Kx 8 — CS Power Down 

24S 

CY7C128 

84036 

tAA = 45,55 

100/20 @55 

Now 

16K 

2Kx8— CS Power Down 

24S 

CY7C128A 

84036 

tAA = 20,25,35 

125/40 @25 

Now 

16K 

2Kx8— CS Power Down 

24 

CY6116/7 

84036 

tAA = 45,55 

130/20 @45 

Now 

16K 

16Kxl — CS Power Down 

20 

CY7C167 

84132 

Iaa = 35,45 

50/20 @45 

Now 

16K 

16Kx 1 — CS Power Down 

20 

CY7C167A 

84132 

tAA = 20,25,35 

70/20 @25 

Now 

16K 

4Kx4— CS Power Down 

20 

CY7C168 

5962-86705 

tAA = 35,45 

70/20 @45 

Now 

16K 

4K x 4 — CS Power Down 

20 

CY7C168A 

5962-86705 

Iaa = 20, 25, 35 

100/20 @25 

Now 

16K 

4Kx4 

20 

CY7C169 


O 

II 

< 

< 

70 @40 

Now 

16K 

4Kx4 

20 

CY7C169A 


Iaa = 20, 25, 35 

100/20 @35 

Now 

16K 

4Kx 4 — Output Enable 

22S 

CY7C170 


> 

II 

120 @45 

Now 

16K 

4Kx4— Output Enable 

22S 

CY7C170A 


tAA = 20,25,35 

120 @25 

Now 

16K 

4Kx 4 — Separate I /O, T-write 

24S 

CY7C171 


l AA = 45 

70 @45 

Now 

16K 

4K x 4 — Separate I/O 

24S 

CY7C172 


>“ 

> 

II 

70 @45 

Now 

16K 

4Kx4 — Separate I/O 

24S 

CY7C171A/2A 


tAA = 20,25,35 

100/20 @25 

Now 

16K 

2Kx8— Dual Port 

48 

CY7C132/36 


tAA = 35,45,55 

170/65 @35 

Now 

16K 

2K x 8 — Dual Port Slave 

48 

CY7C142/46 


tAA = 35,45,55 

120/40 @45 

Now 

64K 

8K x 8 — CS Power Down 

28S 

CY7C185A 

5962-89691 

tAA = 20, 25 

125 @20 

Now 

64K 

8Kx8— CS Power Down 

28S 

CY7C185A 

5962-85525 

tAA = 35,45,55 

100/20/1 @45 

Now 

64K 

8Kx 8 — CS Power Down 

28S 

CY7B185 


tAA = 15 

145/50 @15 

Now 

64K 

8Kx 8 — CS Power Down 

28 

CY7C186A 

5962-89691 

tAA = 20,25 

125 @20 

Now 

64K 

8Kx 8 — CS Power Down 

28 

CY7C186A 

5962-85525 

tAA = 35,45,55 

100/20/1 @45 

Now 

64K 

8Kx 8 — CS Power Down 

28 

CY7B186 


tAA = 15 

145/50 @15 

Now 

64K 

1 6K x 4 — CS Power Down 

22S 

CY7C164A 

5962-89692 

tAA = 20, 25 

90 @20 

Now 

64K 

16Kx4— CS Power Down 

22S 

CY7C164A 

5962-86859 

tAA = 35,45 

70/20/1 @ 35 

Now 

64K 

16Kx4 — CS Power Down 

22S 

CY7B164 


tAA = 15 

135/50 @15 

Now 

64K 

16Kx4 — CS Power Down 

22S 

CY7C166A 

5962-89892 

tAA = 20, 25 

90 @20 

Now 

64K 

16Kx4 —Output Enable 

24S 

CY7C166A 

5962-86859 

tAA = 35,45 

70/20/1 @ 35 

Now 

64K 

16Kx4— Output Enable 

24S 

CY7B166 


tAA = 15 

135/50 @ 15 

Now 

64K 

16Kx4 — Separate I/O, T-write 

28S 

CY7C161A 


tAA = 20,25,35,45 

70/20/1 @ 35 

Now 

64K 

16Kx4— Separate I/O 

28S 

CY7C162A 

5962-89712 

tAA = 20,25,35,45 

70/20/1 @35 

Now 

64K 

16Kx4— Separate I/O 

28S 

CY7B161/2 


tAA = 15 

135/50 @15 

2Q90 

64K 

64Kx 1 —CS Power Down 

22S 

CY7C187A 

5962-86015 

tAA = 20,25,35,45 

70/20/1 @35 

Now 

256K 

16Kx 16-Cache RAM 

44 

CY7C157 


tAA = 24, 33 

300 @24 

Now 

256K 

32Kx 8 — CS Power Down 

28 

CY7C198 

5962-88662 

tAA = 35,45,55 

160/20 @35 

Now 

256K 

32K x 8 — CS Power Down 

28S 

CY7C199 

5962-88662 

tAA = 35,45,55 

160/20 @35 

Now 

256K 

64Kx4 — CS Power Down 

24S 

CY7C194 

5962-88681 

Iaa = 35,45 

130/20 @35 

Now 

256K 

64Kx4— CSPD +OE/CE2 

28S 

CY7C196 


tAA = 35,45 

130/20 @35 

Now 

256K 

64Kx4— Separate I/O, T-write 

28S 

CY7C191 


tAA = 35,45 

130/20 @35 

Now 
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Static RAMS (continued) 


Size 

Organization 

Pins 

(DIP) 

Part Number 

JAN/SMD 

Number 

Speed (ns) 

Icc/Isb/IcCDR 

(mA@ns) 

883 

Availability 

256K 

64K x 4 — Separate I/O 

28S 

CY7C192 


tAA = 35,45 

130/20 @35 

Now 

256K 

256Kx 1 — CS Power Down 

24S 

CY7C197 

5962-88725 

tAA = 35,45 

110/20 @35 

Now 


PROMs 


Size 

Organization 

Pins 

Part Number 

JAN/SMD 

NumberlO 

Speed (ns) 

Icc/ISB 

(mA@ns) 

883 

Availability 

4K 

512 x 8 — Registered 

24S 

CY7C225 

5962-88518(0) 

tsA/co = 30/15,35/20,40/25 

120 @30/15 

Now 

8K 

lKx 8— Registered 

24S 

CY7C235 

5962-88636(0) 

tsA/co = 30/15,40/20 

120 @30/15 

Now 

8K 

1Kx8 

24S 

CY7C281 

5962-87651(0) 

tAA = ^5 

120 @45 

Now 

8K 

1Kx8 

24 

CY7C282 

5962-87651(0) 

tAA = 45 

120 @45 

Now 

16K 

2Kx 8— Registered 

24S 

CY7C245 

5962-87529(W) 

tsA/co = 35/15,45/25 

120 @35/15 

Now 

16K 

2Kx8— Registered 

24S 

CY7C245A 

5962-89815(W) 

tsA = 25/15,35/20 

120 @25/15 

Now 

16K 

2Kx8— Registered 

24S 

CY7C245A 

5962-88735(0) 

tsA/co = 25/15, 35/20 

120 @25/15 

Now 

16K 

2Kx8 

24S 

CY7C291 

5962-87650(W) 

tAA = 35,50 

120 @35 

Now 

16K 

2Kx8 

24S 

CY7C291A 

5962-88734(0) 

Iaa = 25,30,35,50 

120 @30 

Now 

16K 

2Kx8— CS Power Down 

24S 

CY7C293A 

5962-88680(W) 

Iaa = 25,30,35,50 

120/30 @35 

Now 

16K 

2Kx8 

24 

CY7C292 


tAA = 50 

120 @50 

Now 

16K 

2Kx8 

24 

CY7C292A 

5962-88734(0) 

tAA = 25,30,35,50 

120 @30 

Now 

64K 

8Kx 8 — CS Power Down 

24S 

CY7C261 

5962-87515(W) 

tAA = 45,55 

120/30 @45 

Now 

64K 

8Kx8 

24S 

CY7C263 


tAA = 45,55 

120@45 

Now 

64K 

8Kx8 

24 

CY7C264 


tAA = 45,55 

120@45 

Now 

64K 

8Kx 8— Registered 

28S 

CY7C265 


tsA/co = 50/25,60/25 

120 @50/25 

Now 

64K 

8K x 8 — EPROM Pinout 

28 

CY7C266 


tAA = 55 

90 

Now 

64K 

8K x 8 — Registered/Diagnostic 

28S 

CY7C269 


tsA/co = 50/25,60/25 

100 @60/25 

Now 

64K 

8K x 8 — Registered/Diagnostic 

32 

CY7C268 


tsA/co ” 50/25,60/25 

100 @60/25 

Now 

128K 

16Kx8-CS Power Down 

28S 

CY7C251 

5962-89537(W) 

tAA = 55,65 

120/35 @55 

Now 

128K 

16Kx8 

28 

CY7C254 

5962-89538(W) 

tAA = 55,65 

120 @55 

Now 

256K 

32Kx8 — CS Power Down 

28S 

CY7C271 


tAA = 45,55 

130/40 @55 

Now 

256K 

32K x 8 — EPROM Pinout 

28 

CY7C274 


<aa = 45,55 

130/40 @55 

Now 

256K 

32K x 8 — Registered 

28S 

CY7C277 


tsA/co = 40/20, 50/25 

130/40 @55 

Now 

256K 

32Kx8— Latched 

28S 

CY7C279 


<aa = 45,55 

130/40 @55 

Now 

512K 

64Kx 8 — Fast Column Access 

28S 

CY7C285 


tAA/FCA = 65/25 

200 @65 

2Q90 

512K 

64K x 8 — EPROM Pinout 

28 

CY7C286 


<AA = 70 

150@70 

2Q90 

512K 

64Kx 8 — Registered 

28S 

CY7C287 


tsA'Co = 65/20 

150@65 

2Q90 

512K 

64K x 8 — FCA/Reg or Latched 

32S 

CY7C289 


tAA/FCA = 65/25 

200 @65 

2Q90 


PLDs 


| 

Organization 

Pins 

Part Number 

JAN/SMD 

Number* 1 ! 

Speed (ns/MHz) 

Icc 

(mA@ ns/MHz) 

883 

Availability 

PALC20 

16L8, 16R8, 16R6, 16R4 

20 

PALC16XX 

5962-88678(W) 

tpu = 20,30,40 

70 @20 

Now 

PALC20 

16L8, 16R8, 16R6, 16R4 

20 

PALC16XX 

5962-88713(0) 

tpD = 20, 30,40 

70 @20 

Now 

PLD20 

18G8— Generic 

20 

PLDC18G8 


t pd/s/co = 15/15/20 

110 


PLDC24 

22V10— Macrocell 

24S 

PALC22V10 

5962-87539(W) 

t pd/s/co = 20/17/15 

100 @25 

Now 

PLDC24 

22V1 0 — Macrocell 

24S 

PALC22V10 

5962-88670(0) 

t pd/s/co = 20/17/15 

100 @25 

Now 

PLDC24 

22V10- Macrocell 

24S 

PALC22V10 

M385 10/507 

tpD/s/co = 25/18/15 

120 @25 


PLDC24 

20G 10— Generic 

24S 

PLDC20G10 

5962-88637(0) 

tpD/s/co = 20/17/15 

80 @30 

Now 

PLDC24 

20RA10— Asynchronous 

24S 

PLD20RA10 


tpD/su/co = 25/15/25 

100 @25 

Now 

ECL 

16P8— 10KHECL 

24S 

CY10E301 


tpD = 5 

-240 @5 

Now 

ECL 

16P4 — 10KH ECL 

24S 

CY10E302 


tpD = 4 

-220 @4 

Now 

PLDC28 

7C330— State Machine 

28S 

CY7C330 

5962-89546(W) 

50, 40, 28 MHz 

180 @40 MHz 

Now 

PLDC28 

7C331 — Asynchronous 

28S 

CY7C331 

5962-89855(0) 

tpD/s/co = 30/25/30 

200 @20 MHz 

Now 

PLDC28 

7C332 —Combinatorial 

28S 

CY7C332 


tico/is/iH = 25/5/7 

200 @24 MHz 

Now 

MAX28 

7C344- 32 Macrocell 

28S 

CY7C344 


tpD/s/co = 25/15/15 

TBD 

3Q90 

MAX40 

7C343-64 Macrocell 

40/44 

CY7C343 


tpD/s/co = 35/25/20 

TBD 

4Q90 

MAX40 

7C345- 128 Macrocell 

40/44 

CY7C345 


tpD/s/co = 35/25/20 

TBD 

3Q90 

MAX68 

7C342- 128 Macrocell 

68 

CY7C342 


tpD/s/co = 35/25/20 

TBD 

3Q90 

PLDC28 

7C361 —State Machine 

28S 

CY7C361 


100, 83, 50 MHz 

150 @100 MHz 

3Q90 
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Military Product Selector Guide 


FIFOs 


Organization 

Pins 

PartNumber 

JAN/SMD 

Number 

Speed 

Icc/ISB 

(mA@ns/MHz) 

883 

Availability 

64 x 4 — Cascadeable 

16 

CY3341 


1.2, 2 MHz 

60 @2.0 MHz 

Now 

64 x 4 — Cascadeable 

16 

CY7C401 


10, 15, 25 MHz 

90 @15 MHz 

Now 

64 x 4 — Cascadeable/OE 

16 

CY7C403 

5962-89523 

10, 15,25 MHz 

90 @25 MHz 

Now 

64 x 5 — Cascadeable 

18 

CY7C402 


10, 15,25 MHz 

90@15MHz 

Now 

64 x 5 — Cascadeable/OE 

18 

CY7C404 

5962-86846 

10, 15, 25 MHz 

90 @25 MHz 

Now 

64 x 8 — Cascadeable/OE 

28S 

CY7C408A 

5962-89664 

15, 25 MHz 

120 @25 MHz 

Now 

64 x 9 — Cascadeable 

28S 

CY7C409A 

5962-89661 

15, 25 MHz 

120 @25 MHz 

Now 

5 1 2 x 9 — Cascadeable 

28 

CY7C420 

5962-89863 

tA = 30, 40, 65 ns 

120/20 @30 

Now 

5 1 2 x 9 — Cascadeable 

28S 

CY7C421 

5962-89863 

1a = 30,40,65 ns 

120/20 @30 

Now 

1Kx 9— Cascadeable 

28 

CY7C424 


tA = 30,40,65 ns 

120/20 @30 

Now 

lKx 9 —Cascadeable 

28S 

CY7C425 


Ia = 30,40,65 ns 

120/20 @30 

Now 

2Kx 9 — Cascadeable 

28 

CY7C428 

5962-88669 

tA = 30,40,65 ns 

120/20 @30 

Now 

2Kx 9 — Cascadeable 

28S 

CY7C429 

5962-88669 

tA = 30, 40, 65 ns 

120/20 @30 

Now 

2K x 9 — Bidirectional 

28S 

CY7C439 


tA = 40, 65 ns 

120/20 @40 

2Q90 

4Kx 9 — Cascadeable 

28 

CY7C432 


t A = 30,40,65 ns 

160/20 @30 

Now 

2Kx 9 — Cascadeable 

28S 

CY7C433 


tA = 30,40,65 ns 

160/20 @30 

Now 



CYPRESS 

SEMICONDUCTOR 


Logic 


Organization 

Pins 

Part Number 

JAN/SMD 

Number 

Speed (ns) 

Icc 

(mA@ns) 

883 

Availability 

2901 -4-Bit Slice 


CY7C901 

5962-88535 

tcLK = 27,32 

90 @27 

Now 

2901-4-Bit Slice 


CY2901C 

5962-88535 

C 

180 @32 

Now 

4x2901 -16-Bit Slice 


CY7C9101 

5962-89517 

tcuc = 35,45 

85 @35 

Now 

2909— Sequencer 


CY7C909 


t C LK = 30,40 

55 @30 

Now 

2911— Sequencer 


CY7C911 


t CL K= 30,40 

55 @30 

Now 

2909— Sequencer 

28 

CY2909A 


A 

90 @40 

Now 

2911— Sequencer 

20 

CY2911A 


A 

90 @40 

Now 

29 1 0 — Controller (17-Word Stack) 

40 

CY7C910 

5962-87708 

tcLK = 46,51,99 

90 @46 

Now 

29 1 0 — Controller (9-Word Stack) 

40 

CY2910A 

5962-87708 

A 

170 @51 

Now 

16-Bit Microprogrammed ALU 

52 

CY7C9116 

5962-88612 

40,65,79 

166 @10 MHz 

Now 

16-Bit Microprogrammed ALU 

68 

CY7C9117 


40,65,79 

166 @10 MHz 

Now 

16x16 Multiplier 

64 

CY7C516 

5962-86873 

Imc = 42,55,75 

110@10MHz 

Now 

16x16 Multiplier 

64 

CY7C517 

5962-87686 

'mc ~ 42,55,75 

110 @10 MHz 

Now 

16x16 Multiplier/Accumulator 

64 

CY7C510 

5962-88733 

tfojc “ 55,65,75 

110 @10 MHz 

Now 


RISC 



Description 

Pins 

PartNumber 

Speed (ns) 

Icc 

(mA@MHz) 

883 

Availability 

IU 

SPARC 32-Bit Integer Unit 

207 

CY7C601 

tcvc = 33,25 MHz 

TBD 

Now 

FPU 

Floating-Point Unit 

144 

CY7C602 

tcvc= 33,25 MHz 

TBD 


CMU 

Cache-Controlled Memory 

Management Unit 

244 

CY7C604 

tcvc = 33,25 MHz 

TBD 

1H90 

CMU-MP 

Cache Controller and Multiprocessing 

Memory Management Unit 

244 

CY7C605 

tcvc = 33, 25 MHz 

TBD 

2H90 

CRAM 

SPARCCacheRAM 

52 

CY7C157 

tAA= 33,24 

TBD 

2H90 
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Modules 


Size 

Organization 

Pins 

Part Number 

Packages 

Speed (ns) 

Icc 

(mA@ns) 

883 

Availability 

m 

64Kx4 SRAM (JEDEC) 

24 

CYM1220 

HD08 

tAA= 12,15,20 

375 @12 

Now 


32Kx 8 SRAM (JEDEC) 

28 

CYM1400 

HD09 

Iaa = 12,15,20 

425 @12 

Now 

256K 

16Kx 16 SRAM (JEDEC) 


CYM1610 

HD01 

tAA= 15,20,25,35, 

550 @ 15; 

Now 





45,50 

330 @25 


256K 

16Kxl6SRAM 

36 

CYM1611 

HV01 

3 T 41 15,20,25,30, 

550 @15; 

330 @25 

Now 

512K 

16Kx32SRAM 

88 

CYM1822 

HV02 

t^= 15,20,25,30, 

960 @15; 

720 @25 

Now 

1M 

256Kx 4 SRAM (JEDEC) 

28 

CYM1240 

HD07 

Iaa = 35,45 

480 @35 

Now 

1M 

128Kx 8 SRAM (JEDEC) 

32 

CYM1420 

HD04 

tAA = 45,55 

210@45 

Now 

1M 

64Kx 16 SRAM (JEDEC) 

40 

CYM1620 

HD03 

tAA = 45,55 

340 @45 

Now 

1M 

64Kxl6SRAM 

40 

CYM1621 

HD02 

tAA = 25,30,35,45 

1250 @25 

Now 

1M 

64Kxl6SRAM 

40 

CYM1622 

HV03 

tAA = 25,35,45 

400 @25 

Now 

2M 

64Kx32SRAM 

60 

CYM1830 

HD06 

tAA = 35,45,55 

880 @35 

Now 

4M 

256Kxl6SRAM 

48 

CYM1641 

HD05 

tAA = 35,45,55 

1800 @35 

Now 


Notes: 

The Cypress facility at 3901 North First Street in San Jose, CA is DESC-certified for JAN class B production. 

All of the above products are available with processing to MIL-STD-883C at a minimum. Many of these products are also available either to 
SMDs (Standardized Military Drawings) or to JAN slash sheets. 

The speed and power specifications listed above cover the full military temperature range. All power supplies are Vcc = 5V ± 10%. 

Modules are available with MIL-STD-883C components. These modules are assembled and screened to the proposed JEDEC military process- 
ing standard for modules. 

1. (W) = Windowed Package 
(O) = Opaque Package 

HD = Hermetic DIP Module 

2. 100K ECL devices are available only to extended temperature range. 

22S stands for 22-pin 300-mil DIP. 

24S stands for 24-pin 300-mil DIP. 

28S stands for 28-pin 300-mil DIP. 
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Military Ordering Information 


Cypress Semiconductor fully supports the DESC standardized Listed below are the SMDs for which Cypress is an approved 

Military Drawing Program for devices that are compliant to the source of supply. Please contact your local Cypress representa- 

Class B requirements of MILrSTD-883. tive for the latest SMD update. 


DESC SMD (Standardized Military Drawing) Approvals! 1 ) 


SMD Number 

Cypress! 2 ' 

Part Number 

Package! 3 ! 

Product 

Description 

Description 

Type 

1 


CY6116-45DMB 

24.6 DIP 

D12 

2K x 8 SRAM 

Sis 


CY7C128-45KMB 

24 CP 

K73 

2K x 8 SRAM 

84036 

09LX 

CY7C128-45DMB 

24.3 DIP 

D14 

2K x 8 SRAM 

84036 

09XX 

CY6117-45LMB 

32RLCC 

L55 

2K x 8 SRAM 

84036 

09YX 

CY7C128-45LMB 

24RLCC 

L53 

2K x 8 SRAM 

84036 

093X 

CY6116-45LMB 

28SLCC 

L64 

2K x 8 SRAM 

84036 

11JX 

CY6116-55DMB 

24.6 DIP 

D12 

2K x 8 SRAM 

84036 

11KX 

CY7C128-55KMB 

24 CP 

K73 

2K x 8 SRAM 

84036 

11LX 

CY7C128-55DMB 

24.3 DIP 

D14 

2K x 8 SRAM 

84036 

11XX 

CY6117-55LMB 

32RLCC 

L55 

2K x 8 SRAM 

84036 

11YX 

CY7C128-55LMB 

24RLCC 

D14 

2K x 8 SRAM 

84036 

113X 

CY6116-55LMB 

28SLCC 

L64 

2K x 8 SRAM 

84036 

14JX 

CY6116A-35DMB 

24.6 DIP 

D12 

2K x 8 SRAM 

84036 

14KX 

CY7C128A-35KMB 

24 CP 

K73 

2K x 8 SRAM 

84036 

14LX 

CY7C128A-35DMB 

24.3 DIP 

D14 

2K x 8 SRAM 

84036 

14XX 

CY6117A-35LMB 

32RLCC 

L55 

2K x 8 SRAM 

84036 

14YX 

CY7C128A-35LMB 

24 R LCC 

L53 

2K x 8 SRAM 

84036 

143X 

CY6116A-35LMB 

28SLCC 

L64 

2K x 8 SRAM 

84132 


CY7C167-45DMB 

20.3 DIP 

D6 

16Kxl SRAM 

84132 


CY7C167-45KMB 

20 CP 

K71 

16K x 1 SRAM 

84132 

02YX 

CY7C167-45LMB 

20 R LCC 

L51 

16Kxl SRAM 

84132 

05 RX 

CY7C167-35DMB 

20.3 DIP 

D6 

16K x 1 SRAM 

84132 

05SX 

CY7C167-35KMB 

20 CP 

K71 

16Kxl SRAM 

84132 

05YX 

CY7C167-35LMB 

20 R LCC 

L51 

16K x 1 SRAM 

5962-85525 

05TX 

CY7C185A-55KMB 

28 CP 

K74 

8K x 8 SRAM 

5962-85525 

05UX 

CY7C185A-55LMB 

28RTLCC 

L54 

8K x 8 SRAM 

5962-85525 

05XX 

CY7C186A-55DMB 

28.6 DIP 

D16 

8K x 8 SRAM 

5962-85525 

05 ZX 

CY7C185A-55DMB 

28.3 DIP 

D22 

8K x 8 SRAM 

5962-85525 

06TX 

CY7C185A-45KMB 

28 CP 

K74 

8K x 8 SRAM 

5962-85525 

06UX 

CY7C185A-45LMB 

28RTLCC 

L54 

8K x 8 SRAM 

5962-85525 

06XX 

CY7C186A-45DMB 

28.6 DIP 

D16 

8K x 8 SRAM 

5962-85525 

06ZX 

CY7C185A-45DMB 

28.3 DIP 

D22 

8K x 8 SRAM 

5962-85525 

07TX 

CY7C185A-35KMB 

28 CP 

K74 

8K x 8 SRAM 

5962-85525 

07 UX 

CY7C185A-35LMB 

28RTLCC 

L54 

8K x 8 SRAM 

5962-85525 

07XX 

CY7C186A-35DMB 

28.6 DIP 

D16 

8K x 8 SRAM 

5962-85525 

07ZX 

CY7C185A-35DMB 

28.3 DIP 

D22 

8K x 8 SRAM 

5962-86015 

01YX 

CY7C187A-35DMB 

22.3 DIP 

D10 

64Kxl SRAM 

5962-86015 

01ZX 

CY7C187A-35LMB 

22 R LCC 

L52 

64Kxl SRAM 

5962-86015 

02YX 

CY7C187AD-35DMB 

22.3 DIP 

D10 

64Kxl SRAM 

5962-86015 

02ZX 

CY7C187AL-35LMB 

22 R LCC 

L52 

64Kxl SRAM 

5962-86015 

03YX 

CY7C187A-45DMB 

22.3 DIP 

D10 

64Kxl SRAM 

5962-86015 

03ZX 

CY7C187A-45LMB 

22 R LCC 

L52 

64Kxl SRAM 

5962-86015 

04 YX 

CY7C187AI^45DMB 

22.3 DIP 

D10 

64Kxl SRAM 

5962-86015 

04 ZX 

CY7C187AL-45LMB 

22 R LCC 

L52 

64K x 1 SRAM 

5962-86705 

12RX 

CY7C168-35DMB 

20.3 DIP 

D6 

4K x 4 SRAM 

5962-86705 

12XX 

CY7C168-35LMB 

20 R LCC 

L51 

4K x 4 SRAM 

5962-86846 

01VX 

CY7C404-10DMB 

18.3 DIP 

D4 

64 x 5 FIFO 

5962-86846 

012X 

CY7C404-10LMB 

20 S LCC 

L61 

64 x 5 FIFO 

5962-86846 

01XX 

CY7C404-10KMB 

18 CP 

K70 

64 x 5 FIFO 

5962-86846 

02VX 

CY7C404-15DMB 

18.3 DIP 

D4 

64 x 5 FIFO 

5962-86846 

022X 

CY7C404-15LMB 

20 S LCC 

L61 

64 x 5 FIFO 

5962-86846 

02XX 

CY7C404-15KMB 

18 CP 

K70 

64 x 5 FIFO 

5962-86846 

03VX 

CY7C404-25DMB 

18.3 DIP 

D4 

64 x 5 FIFO 

5962-86846 

032X 

CY7C404-25LMB 

20 S LCC 

L61 

64 x 5 FIFO 
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DESC SMD (Standardized Military Drawing) Approvalsm (continued) 


SMD Number 

Cypress! 2 * 

Part Number 

Package! 3 * 

Product 

Description 

Description 

Type 

5962-86846 

03XX 

CY7C404-25KMB 

18 CP 

K70 

64 x 5 FIFO 

5962-86859 

15KX 

CY7C166AL-45KMB 

24 CP 

K73 

16K x 4 SRAM W/OE 

5962-86859 

15LX 

CY7C166AL-45DMB 

24.3 DIP 

D14 

16K x 4 SRAM W/OE 

5962-86859 

15UX 

CY7C166AI^45LMB 

28 R LCC 

L54 

16K x 4 SRAM W/OE 

5962-86859 

15XX 

CY7C166A1^45LMB 

28RTLCC 

L54 

16K x 4 SRAM W/OE 

5962-86859 

16KX 

CY7C166A-45KMB 

24 CP 

K73 

16K x 4 SRAM W/OE 

5962-86859 

16 LX 

CY7C166A-45DMB 

24.3 DIP 

D14 

16K x 4 SRAM W/OE 

5962-86859 

16UX 

CY7C166A-45LMB 

28 R LCC 

L54 

16K x 4 SRAM W/OE 

5962-86859 

16XX 

CY7C166A-45LMB 

28 RTLCC 

L54 

16K x 4 SRAM W/OE 

5962-86859 

17KX 

CY7C166AI^35KMB 

24 CP 

K73 

16K x 4 SRAM W/OE 

5962-86859 

17LX 

CY7C166AL-35DMB 

24.3 DIP 

D14 

16K x 4 SRAM W/OE 

5962-86859 

17UX 

CY7C166A1^35LMB 

28 R LCC 

L54 

16K x 4 SRAM W/OE 

5962-86859 

17XX 

CY7C166AL-35LMB 

28 RTLCC 

L54 

16K x 4 SRAM W/OE 

5962-86859 

18KX 

CY7C166A-35KMB 

24 CP 

K73 

16K x 4 SRAM W/OE 

5962-86859 

18LX 

CY7C166A-35DMB 

24.3 DIP 

D14 

16K x 4 SRAM W/OE 

5962-86859 

18UX 

CY7C166A-35LMB 

28 R LCC 

L54 

16K x 4 SRAM W/OE 

5962-86859 

18XX 

CY7C166A-35LMB 

28 RTLCC 

L54 

16K x 4 SRAM W/OE 

5962-86859 

21KX 

CY7C164AL^4SKMB 

24 CP 

K73 

16K x 4 SRAM 

5962-86859 

21YX 

CY7C164AI^45DMB 

22.3 DIP 

DIO 

16K x 4 SRAM 

5962-86859 

21ZX 

CY7C164Al^45LMB 

22 R LCC 

L52 

16K x 4 SRAM 

5962-86859 

22KX 

CY7C164A-45KMB 

24 CP 

K73 

16K x 4 SRAM 

5962-86859 

22YX 

CY7C164A-45DMB 

22.3 DIP 

DIO 

16K x 4 SRAM 

5962-86859 

22ZX 

CY7C164A-45LMB 

22 R LCC 

L52 

16K x 4 SRAM 

5962-86859 

23KX 

CY7C164AL-35KMB 

24 CP 

K73 

16K x 4 SRAM 

5962-86859 

23YX 

CY7C164AL-35DMB 

22.3 DIP 

DIO 

16K x 4 SRAM 

5962-86859 

23ZX 

CY7C164AL-35LMB 

22 R LCC 

L52 

16K x 4 SRAM 

5962-86859 

24KX 

CY7C164A-35KMB 

24 CP 

K73 

16K x 4 SRAM 

5962-86859 

24YX 

CY7C164A-35DMB 

22.3 DIP 

DIO 

16K x 4 SRAM 

5962-86859 

24ZX 

CY7C164A-35LMB 

22 R LCC 

L52 

16K x 4 SRAM 

5962-86873 

01XX 

CY7C5 16-42DMB 

64 DIP 

D30 

16 x 16 Multiplier 

5962-86873 

01YX 

CY7C5 16-42LMB 

68 S LCC 

L81 

16 x 16 Multiplier 

5962-86873 

01ZX 

CY7C5 16-42GMB 

68 PGA 

G68 

16 x 16 Multiplier 

5962-86873 

01UX 

CY7C5 16-42FMB 

64 QFP 

F90 

16 x 16 Multiplier 

5962-86873 

02XX 

CY7C5 16-55DMB 

64 DIP 

D30 

16 x 16 Multiplier 

5962-86873 

02YX 

CY7C516-55LMB 

68 S LCC 

L81 

16 x 16 Multiplier 

5962-86873 

02ZX 

CY7C516-55GMB 

68 PGA 

G68 

16 x 16 Multiplier 

5962-86873 

02UX 

CY7C5 16-55FMB 

64 QFP 

F90 

16 x 16 Multiplier 

5962-86873 

03XX 

CY7C516-75DMB 

64 DIP 

D30 

16 x 16 Multiplier 

5962-86873 

03YX 

CY7C516-75LMB 

68 S LCC 

L81 

16 x 16 Multiplier 

5962-86873 

03ZX 

CY7C5 16-75GMB 

68 PGA 

G68 

16 x 16 Multiplier 

5962-86873 

03UX 

CY7C5 16-75FMB 

64 QFP 

F90 

16 x 16 Multiplier 

5962-86875 

03XX 

CY7C130-55DMB 

48.6 DIP 

D26 

IK x 8 Dual-Port SRAM 

5962-86875 

03YX 

CY7C130-55LMB 

48 LCC 

L68 

IK x 8 Dual-Port SRAM 

5962-86875 

03ZX 

CY7C131-55LMB 

52 LCC 

L69 

IK x 8 Dual-Port SRAM 

5962-86875 

04XX 

CY7C1 30-45DMB 

48.6 DIP 

D26 

IK x 8 Dual-Port SRAM 

5962-86875 

04 YX 

CY7C130-45LMB 

48 LCC 

L68 

IK x 8 Dual-Port SRAM 

5962-86875 

04 ZX 

CY7C1 31-45LMB 

52 LCC 

L69 

IK x 8 Dual-Port SRAM 

5962-86875 

11XX 

CY7C140-55DMB 

48.6 DIP 

D26 

IK x 8 Dual-Port SRAM 

5962-86875 

11YX 

CY7C140-55LMB 

48 LCC 

L68 

IK x 8 Dual-Port SRAM 

5962-86875 

11ZX 

CY7C141-55LMB 

52 LCC 

L69 

IK x 8 Dual-Port SRAM 

5962-86875 

12XX 

CY7C140-45DMB 

48.6 DIP 

D26 

IK x 8 Dual-Port SRAM 

5962-86875 

12YX 

CY7C140-45LMB 

48 LCC 

L68 

IK x 8 Dual-Port SRAM 

5962-86875 

12ZX 

CY7C141-45LMB 

52 LCC 

L69 

IK x 8 Dual-Port SRAM 

5962-86875 

17XX 

CY7C130-35DMB 

48.6 DIP 

D26 

IK x 8 Dual-Port SRAM 

5962-86875 

17YX 

CY7C130-35LMB 

48 LCC 

L68 

lKx 8 Dual-Port SRAM 

5962-86875 

17ZX 

CY7C131-35LMB 

52 LCC 

L69 

lKx 8 Dual-Port SRAM 

5962-86875 

18XX 

CY7C140-35DMB 

48.6 DIP 

D26 

IK x 8 Dual-Port SRAM 

5962-86875 

18YX 

CY7C140-35LMB 

48 LCC 

L68 

IK x 8 Dual-Port SRAM 

5962-86875 

18ZX 

CY7C141-35LMB 

52 LCC 

L69 

IK x 8 Dual-Port SRAM 

5962-87515 

05KX 

CY7C26 1-45TMB 

24 CP 

T73 

8K X 8 UV EPROM 
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Military Ordering Information 


DESC SMD (Standardized Military Drawing) Approvals! 1 ! (continued) 


SMD Number 

Cypress 121 

Part Number 

Package 131 

Product 

Description 

Description 

Type 

5962-87515 

05LX 

CY7C261-45WMB 

24.3 DIP 

W14 

8K X 8 UV EPROM 

5962-87515 

05 3X 

CY7C261-45QMB 

28SLCC 

Q64 

8K X 8 UV EPROM 

5962-87515 

06 KX 

CY7C261-55TMB 

24 CP 

T73 

8K X 8 UV EPROM 

5962-87515 

06 LX 

CY7C261-55WMB 

24.3 DIP 

W14 

8K X 8 UV EPROM 

5962-87515 

063X 

CY7C261-55QMB 

28SLCC 

Q64 

8K X 8 UV EPROM 

5962-87529 

01KX 

CY7C245-45TMB 

24 CP 

T73 

2K x 8 Registered UV PROM 

5962-87529 

01LX 

CY7C245-45WMB 

24.3 DIP 

W14 

2K x 8 Registered UV PROM 

5962-87529 

013X 

CY7C245-45QMB 

28SLCC 

Q64 

2K x 8 Registered UV PROM 

5962-87529 

02KX 

CY7C245-35TMB 

24 CP 

T73 

2K x 8 Registered UV PROM 

5962-87529 

02LX 

CY7C245-35WMB 

24.3 DIP 

W14 

2K x 8 Registered UV PROM 

5962-87529 

023X 

CY7C245-35QMB 

28SLCC 

064 

2K x 8 Registered UV PROM 

5962-87539 

01KX 

PALC22V10-25TMB 

24 CP 

T73 

24-Pin CMOS UV E PLD 

5962-87539 

01LX 

PALC22V10-25WMB 

24.3 DIP 

W14 

24-Pin CMOS UV E PLD 

5962-87539 

013X 

PALC22V10-25QMB 

28SLCC 

064 

24-Pin CMOS UV E PLD 

5962-87539 

02KX 

PALC22V10-30TMB 

24 CP 

T73 

24-Pin CMOS UV E PLD 

5962-87539 

02LX 

PALC22V10-30WMB 

24.3 DIP 

W14 

24-Pin CMOS UV E PLD 

5962-87539 

023X 

PALC22V10-30QMB 

28SLCC 

064 

24-Pin CMOS UV E PLD 

5962-87539 

03KX 

PALC22V10-40TMB 

24 CP 

T73 

24-Pin CMOS UV E PLD 

5962-87539 

03LX 

PALC22V10-40WMB 

24.3 DIP 

W14 

24-Pin CMOS UV E PLD 

5962-87539 

033X 

PALC22V10-40QMB 

28SLCC 

064 

24-Pin CMOS UV E PLD 

5962-87650 

01KX 

CY7C291-50TMB 

24 CP 

T73 

2K x 8 UV EPROM 

5962-87650 

01LX 

CY7C291-50WMB 

24.3 DIP 

W14 

2K x 8 UV EPROM 

5962-87650 

013X 

CY7C291-50QMB 

28SLCC 

Q64 

2K x 8 UV EPROM 

5962-87650 

03KX 

CY7C291-35TMB 

24 CP 

T73 

2K x 8 UV EPROM 

5962-87650 

03LX 

CY7C291-35WMB 

24.3 DIP 

W14 

2K x 8 UV EPROM 

5962-87650 

033X 

CY7C291-35QMB 

28SLCC 

Q64 

2K x 8 UV EPROM 

5962-87651 

01JX 

CY7C282-45DMB 

24.6 DIP 

D12 

IK x 8 PROM 

5962-87651 

01KX 

CY7C281-45KMB 

24 CP 

K73 

IK x 8 PROM 

5962-87651 

01LX 

CY7C281-45DMB 

24.3 DIP 

D14 

IK x 8 PROM 

5962-87651 

013X 

CY7C281-45LMB 

28SLCC 

L64 

IK x 8 PROM 

5962-87686 

01XX 

CY7C5 17-42DMB 

64 DIP 

D30 

16 x 16 Multiplier 

5962-87686 

01YX 

CY7C517-42LMB 

68 S LCC 

L81 

16 x 16 Multiplier 

5962-87686 

01ZX 

CY7C5 17-42GMB 

68 PGA 

G68 

16 x 16 Multiplier 

5962-87686 

01UX 

CY7C517-42FMB 

64QFP 

F90 

16 x 16 Multiplier 

5962-87686 

02XX 

CY7C517-55DMB 

64 DIP 

D30 

16 x 16 Multiplier 

5962-87686 

02YX 

CY7C517-55LMB 

68SLCC 

L81 

16 x 16 Multiplier 

5962-87686 

02ZX 

CY7C517-55GMB 

68 PGA 

G68 

16 x 16 Multiplier 

5962-87686 

02UX 

CY7C517-55FMB 

64QFP 

F90 

16 x 16 Multiplier 

5962-87686 

03XX 

CY7C517-75DMB 

64 DIP 

D30 

16 x 16 Multiplier 

5962-87686 

03YX 

CY7C517-75LMB 

68SLCC 

L81 

16 x 16 Multiplier 

5962-87686 

03ZX 

CY7C5 17-75GMB 

68 PGA 

G68 

16 x 16 Multiplier 

5962-87686 

03UX 

CY7C517-75FMB 

64 Q FP 

F90 

16 x 16 Multiplier 

5962-87708 

01QX 

CY2910ADMB 

40.6 DIP 

D18 

Microprogram Controller 

5962-87708 

01UX 

CY2910ALMB 

44 LCC 

L67 

Microprogram Controller 

5962-87708 

04QX 

CY7C910-51DMB 

40.6 DIP 

D18 

Microprogram Controller 

5962-87708 

04 UX 

CY7C910-51LMB 

44 LCC 

L67 

Microprogram Controller 

5962-87708 

05QX 

CY7C910-46DMB 

40.6 DIP 

D18 

Microprogram Controller 

5962-87708 

05UX 

CY7C910-46LMB 

44 LCC 

L67 

Microprogram Controller 

5962-88518 

01LX 

CY7C225-30DMB 

24.3 DIP 

D14 

512 x 8 Registered PROM 

5962-88518 

01 3X 

CY7C225-30LMB 

28 S LCC 

L64 

512 x 8 Registered PROM 

5962-88518 

02LX 

CY7C225-35DMB 

24.3 DIP 

D14 

512 x 8 Registered PROM 

5962-88518 

023X 

CY7C225-35LMB 

28 S LCC 

L64 

512 x 8 Registered PROM 

5962-88518 

03LX 

CY7C225-40DMB 

24.3 DIP 

D14 

512 x 8 Registered PROM 

5962-88518 

033X 

CY7C225-40LMB 

28 S LCC 

L64 

512 x 8 Registered PROM 

5962-88535 

01QX 

CY7C901-32DMB 

40.6 DIP 

D18 

4-Bit Slice 

5962-88535 

01XX 

CY7C901-32LMB 

44 LCC 

L67 

4-Bit Slice 

5962-88535 

01YX 

CY7C901-32FMB 

42 FP 

F76 

4-Bit Slice 

5962-88535 

02QX 

CY7C901-27DMB 

40.6 DIP 

D18 

4-Bit Slice 

5962-88535 

02XX 

CY7C901-27LMB 

44 LCC 

L67 

4-Bit Slice 
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DESC SMD (Standardized Military Drawing) Approvalsm (continued) 


SMD Number 

Cypress^ 

Part Number 

Package^ 


Description 

Type 

Product 

Description 

5962-88535 

02YX 

CY7C901-27FMB 

42 FP 

F76 

4-Bit Slice 

5962-88587 

01VX 

CY7C147-45DMB 

18.3 DIP 

D4 

4K x 1 SRAM 

5962-88587 

01XX 

CY7C147-45KMB 

18 CP 

K70 

4Kxl SRAM 

5962-88587 

01YX 

CY7C147-45LMB 

18 R LCC 

L50 

4K x 1 SRAM 

5962-88587 

02VX 

CY7C147-35DMB 

18.3 DIP 

D4 

4K x 1 SRAM 

5962-88587 

02XX 

CY7C147-35KMB 

18 CP 

K70 

4Kxl SRAM 

5962-88587 

02YX 

CY7C147-35LMB 

18 R LCC 

L50 

4K x 1 SRAM 

5962-88588 

01KX 

CY7C150-35KMB 

24 CP 


IK x 4 SRAM with Reset 

5962-88588 

01 LX 

CY7C150-35DMB 

24.3 DIP 

mSSm 

IK x 4 SRAM with Reset 

5962-88588 

01XX 

CY7C150-35LMB 

28 R LCC 

L54 

IK x 4 SRAM with Reset 

5962-88588 

02KX 

CY7C1 50-25KMB 

24 CP 

K73 

IK x 4 SRAM with Reset 

5962-88588 

02LX 

CY7C150-25DMB 

24.3 DIP 

D14 

IK x 4 SRAM with Reset 

5962-88588 

02XX 

CY7C150-25LMB 

28 R LCC 

L54 

IK x 4 SRAM with Reset 

5962-88588 

03KX 

CY7C150-15KMB 

24 CP 

K73 

IK x 4 SRAM with Reset 

5962-88588 

03LX 

CY7C150-15DMB 

24.3 DIP 

D14 

IK x 4 SRAM with Reset 

5962-88588 

03XX 

CY7C150-15LMB 

28 R LCC 

L54 

IK x 4 SRAM with Reset 

5962-88594 

02WX 

CY7C122-35DMB 

22.4 DIP 

D8 

256 x 4 SRAM 

5962-88594 

02KX 

CY7C122-35KMB 

24 CP 

K73 

256 x 4 SRAM 

5962-88594 

03WX 

CY7C122-25DMB 

22.4 DIP 

D8 

256 x 4 SRAM 

5962-88594 

03KX 

CY7C122-25KMB 

24 CP 

K73 

256 x 4 SRAM 

5962-88612 

01XX 

CY7C9116-99DMB 

52.8 DIP 

D28 

16-Bit Microprogrammed ALU 

5962-88612 

01YX 

CY7C9116-99FMB 

64 FP 

F90 

16-Bit Microprogrammed ALU 

5962-88612 

01UX 

CY7C9116-99LMB 

52 S LCC 

L69 

16-Bit Microprogrammed ALU 

5962-88612 

02XX 

CY7C91 16-75DMB 

52.8 DIP 

D28 

16-Bit Microprogrammed ALU 

5962-88612 

02YX 

CY7C9116-75FMB 

64 FP 

F90 

16-Bit Microprogrammed ALU 

5962-88612 

02UX 

CY7C9116-75LMB 

52 S LCC 

L69 

16-Bit Microprogrammed ALU 

5962-88612 

03XX 

CY7C9116-65DMB 

52.8 DIP 

D28 

16-Bit Microprogrammed ALU 

5962-88612 

03YX 

CY7C9116-65FMB 

64 FP 

F90 

16-Bit Microprogrammed ALU 

5962-88612 

03UX 

CY7C9 1 16-65LMB 

52 S LCC 

L69 

16-Bit Microprogrammed ALU 

5962-88612 

04XX 

CY7C91 16-40DMB 

52.8 DIP 

D28 

16-Bit Microprogrammed ALU 

5962-88612 

04 YX 

CY7C9116-40FMB 

64 FP 

F90 

16-Bit Microprogrammed ALU 

5962-88612 

04 UX 

CY7C91 16-40LMB 

52 S LCC 

L69 

16-Bit Microprogrammed ALU 

5962-88636 

01KX 

CY7C235-40KMB 

24 CP 


IK x 8 Registered PROM 

5962-88636 

01LX 

CY7C235-40DMB 

24.3 DIP 

MM 

IK x 8 Registered PROM 

5962-88636 

013X 

CY7C235-40LMB 

28 S LCC 

L64 

IK x 8 Registered PROM 

5962-88636 

02KX 

CY7C235-30KMB 

24 CP 

K73 

IK x 8 Registered PROM 

5962-88636 

02LX 

CY7C235-30DMB 

24.3 DIP 

D14 

IK x 8 Registered PROM 

5962-88636 

023X 

CY7C235-30LMB 

28 S LCC 

L64 

IK x 8 Registered PROM 

5962-88637 

01KX 

PLDC20G10-40KMB 

24 CP 

K73 

Generic CMOS PLD 

5962-88637 

01LX 

PLDC20G 1 0-40DMB 

24.3 DIP 

D14 

Generic CMOS PLD 

5962-88637 

01 3X 

PLDC20G 1 0-40LMB 

28 S LCC 

L64 

Generic CMOS PLD 

5962-88637 

02KX 

PLDC20G10-30KMB 

24 CP 

K73 

Generic CMOS PLD 

5962-88637 

02LX 

PLDC20G10-30DMB 

24.3 DIP 

D14 

Generic CMOS PLD 

5962-88637 

023X 

PLDC20G10-30LMB 

28 S LCC 

1154 

Generic CMOS PLD 

5962-88662 

03UX 

CY7C199-55LMB 

28 R LCC 

L54 

32K x 8 SRAM 

5962-88662 

03XX 

CY7C198-55DMB 

28.6 DIP 

D16 

32K x 8 SRAM 

5962-88662 

03YX 

CY7C198-55LMB 

32 R LCC 

L55 

32K x 8 SRAM 

5962-88662 

04UX 

CY7C199-45LMB 

28 R LCC 

L54 

32K x 8 SRAM 

5962-88662 

04XX 

CY7C198-45DMB 

28.6 DIP 

D16 

32K x 8 SRAM 

5962-88662 

04 YX 

CY7C198-45LMB 

32 R LCC 

L55 

32K x 8 SRAM 

5962-88669 

02UX 

CY7C429-65KMB 

28 CP 

K74 

2K x 9 FIFO 

5962-88669 

02XX 

CY7C428-65DMB 

28.6 DIP 

D16 

2K x 9 FIFO 

5962-88669 

02YX 

CY7C429-65DMB 

28.3 DIP 

D22 

2K x 9 FIFO 

5962-88669 

02ZX 

CY7C429-65LMB 

32 R LCC 

L55 

2K x 9 FIFO 

5962-88669 

04 UX 

CY7C429-40KMB 

28 CP 

K74 

2K x 9 FIFO 

5962-88669 

04XX 

CY7C428-40DMB 

28.6 DIP 

D16 

2K x 9 FIFO 

5962-88669 

04 YX 

CY7C429-40DMB 

28.3 DIP 

D22 

2K x 9 FIFO 

5962-88669 

04ZX 

CY7C429-40LMB 

32 R LCC 

L55 

2K x 9 FIFO 

5962-88669 

05 UX 

CY7C429-30KMB 

28 CP 

K74 

2K x 9 FIFO 


10-9 


















































Military Ordering Information 



DESC SMD (Standardized Military Drawing) Approvalsm (continued) 


SMD Number 

Cypress 12 ! 

Part Number 

Package! 3 ! 

Product 

Description 

Description 

Type 

5962-88669 

05XX 

CY7C428-30DMB 

28.6 DIP 

D16 

2K x 9 FIFO 

5962-88669 

05YX 

CY7C429-30DMB 

28.3 DIP 

D22 

2K x 9 FIFO 

5962-88669 

05ZX 

CY7C429-30LMB 

32RLCC 

L55 

2K x 9 FIFO 

5962-88670 

01KX 

PALC22V10-25KMB 

24 CP 


24-Pin CMOS PLD 

5962-88670 

01LX 

PALC22V10-25DMB 

24.3 DIP 

HI 

24-Pin CMOS PLD 

5962-88670 

013X 

PALC22V10-25LMB 

28SLCC 

L64 

24-Pin CMOS PLD 

5962-88670 

02KX 

PALC22V10-30KMB 

24 CP 

K73 

24-Pin CMOS PLD 

5962-88670 

02LX 

PALC22V10-30DMB 

24.3 DIP 

D14 

24-Pin CMOS PLD 

5962-88670 

023X 

PALC22V10-30LMB 

28SLCC 

L64 

24-Pin CMOS PLD 

5962-88670 

03KX 

PALC22V10-40KMB 

24 CP 

K73 

24-Pin CMOS PLD 

5962-88670 

03LX 

PALC22V10-40DMB 

24.3 DIP 

D14 

24-Pin CMOS PLD 

5962-88670 

033X 

PALC22V10-40LMB 

28SLCC 

L64 

24-Pin CMOS PLD 

5962-88678 

01RX 

PALC16L8-40WMB 

20.3 DIP 

W6 

20-Pin CMOS UV E PLD 

5962-88678 

01XX 

PALC16L8-40QMB 

20SLCC 

Q61 

20-Pin CMOS UV E PLD 

5962-88678 

02RX 

PALC16R8-40WMB 

20.3 DIP 

W6 

20-Pin CMOS UV E PLD 

5962-88678 

02XX 

PALC16R8-40QMB 

20SLCC 

061 

20-Pin CMOS UVE PLD 

5962-88678 

03RX 

PALC16R6-40WMB 

20.3 DIP 

W6 

20-Pin CMOS UV E PLD 

5962-88678 

03XX 

PALC16R6-40QMB 

20SLCC 

Q61 

20-Pin CMOS UV E PLD 

5962-88678 

04RX 

PALC16R4-40WMB 

20.3 DIP 

W6 

20-Pin CMOS UVE PLD 

5962-88678 

04XX 

PALC16R4-40QMB 

20SLCC 

Q61 

20-Pin CMOS UV E PLD 

5962-88678 

05RX 

PALC16L8-30WMB 

20.3 DIP 

W6 

20-Pin CMOS UVE PLD 

5962-88678 

05XX 

PALC16L8-30QMB 

20SLCC 

Q61 

20-Pin CMOS UV E PLD 

5962-88678 

06RX 

PALC16R8-30WMB 

20.3 DIP 

W6 

20-Pin CMOS UV E PLD 

5962-88678 

06XX 

PALC16R8-30QMB 

20SLCC 

Q61 

20-Pin CMOS UV E PLD 

5962-88678 

07RX 

PALC16R6-30WMB 

20.3 DIP 

W6 

20-Pin CMOS UV E PLD 

5962-88678 

07XX 

PALC16R6-30QMB 

20SLCC 

Q61 

20-Pin CMOS UVE PLD 

5962-88678 

08RX 

PALC16R4- 30WMB 

20.3 DIP 

W6 

20-Pin CMOS UV E PLD 

5962-88678 

08XX 

PALC16R4-30QMB 

20SLCC 

061 

20-Pin CMOS UV E PLD 

5962-88678 

09RX 

PALC16L8-20WMB 

20.3 DIP 

W6 

20-Pin CMOS UV E PLD 

5962-88678 

09XX 

PALC16L8-20QMB 

20SLCC 

Q61 

20-Pin CMOS UVE PLD 

5962-88678 

10RX 

PALC16R8-20WMB 

20.3 DIP 

W6 

20-Pin CMOS UV E PLD 

5962-88678 

10XX 

PALC16R8-20QMB 

20SLCC 

Q61 

20-Pin CMOS UV E PLD 

5962-88678 

11RX 

PALC16R6-20WMB 

20.3 DIP 

W6 

20-Pin CMOS UV E PLD 

5962-88678 

11 XX 

PALC16R6-20QMB 

20SLCC 

061 

20-Pin CMOS UV E PLD 

5962-88678 

12RX 

PALC16R4-20WMB 

20.3 DIP 

W6 

20-Pin CMOS UV E PLD 

5962-88678 

12XX 

PALC16R4-20QMB 

20SLCC 

Q61 

20-Pin CMOS UV E PLD 

5962-88681 

01 LX 

CY7C194-35DMB 

24.3 DIP 

D14 

64K x 4 SRAM 

5962-88681 

01XX 

CY7C194-35LMB 

28RLCC 

L54 

64K x 4 SRAM 

5962-88681 

02LX 

CY7C194-45DMB 

24.3 DIP 

D14 

64K x 4 SRAM 

5962-88681 

02XX 

CY7C194-45LMB 

28RLCC 

L54 

64K x 4 SRAM 

5962-88713 

01RX 

PALC16L8-40DMB 

20.3 DIP 

D6 

20-Pin CMOS PLD 

5962-88713 

01SX 

PALC16L8-40KMB 

20 CP 

K71 

20-Pin CMOS PLD 

5962-88713 

01XX 

PALC16L8-40LMB 

20SLCC 

L61 

20-Pin CMOS PLD 

5962-88713 

02RX 

PALC16R8-40DMB 

20.3 DIP 

D6 

20-Pin CMOS PLD 

5962-88713 

02SX 

PALC16R8-40KMB 

20 CP 

K71 

20-Pin CMOS PLD 

5962-88713 

02XX 

PALC16R8-40LMB 

20SLCC 

L61 

20-Pin CMOS PLD 

5962-88713 

03RX 

PALC16R6-40DMB 

20.3 DIP 

D6 

20-Pin CMOS PLD 

5962-88713 

03SX 

PALC16R6-40KMB 

20 CP 

K71 

20-Pin CMOS PLD 

5962-88713 

03XX 

PALC16R6-40LMB 

20SLCC 

L61 

20-Pin CMOS PLD 

5962-88713 

04RX 

PALC16R4-40DMB 

20.3 DIP 

D6 

20-Pin CMOS PLD 

5962-88713 

04SX 

PALC16R4-40KMB 

20 CP 

K71 

20-Pin CMOS PLD 

5962-88713 

04XX 

PALC16R4-40LMB 

20SLCC 

L61 

20-Pin CMOS PLD 

5962-88713 

05RX 

PALC16L8-30DMB 

20.3 DIP 

D6 

20-Pin CMOS PLD 

5962-88713 

05SX 

PALC16L8-30KMB 

20 CP 

K71 

20-Pin CMOS PLD 

5962-88713 

05XX 

PALC16L8-30LMB 

20SLCC 

L61 

20-Pin CMOS PLD 

5962-88713 

06RX 

PALC16R8-30DMB 

20.3 DIP 

D6 

20-Pin CMOS PLD 

5962-88713 

06SX 

PALC16R8-30KMB 

20 CP 

K71 

20-Pin CMOS PLD 

5962-88713 

06XX 

PALC1 6R8- 30LMB 

20SLCC 

L61 

20-Pin CMOS PLD 

5962-88713 

07RX 

PALC16R6-30DMB 

20.3 DIP 

D6 

20-Pin CMOS PLD 

5962-88713 

07SX 

PALC16R6-30KMB 

20 CP 

K71 

20-Pin CMOS PLD 
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Military Ordering Information 


DESC SMD (Standardized Military Drawing) Approvals! 1 ] (continued) 


SMD Number 

Cypress 12 ) 

Part Number 

Package ^ 31 

Product 

Description 

Description 

"type 

5962-88713 

07XX 

PALC16R6-30LMB 

20SLCC 

L61 

20-Pin CMOS PLD 

5962-88713 

08RX 

PALC16R4-30DMB 

20.3 DIP 

D6 

20-Pin CMOS PLD 

5962-88713 

08SX 

PALC16R4-30KMB 

20 CP 

K71 

20-Pin CMOS PLD 

5962-88713 

08XX 

PALC16R4-30LMB 

20 S LCC 

L61 

20-Pin CMOS PLD 

5962-88713 

09RX 

PALC16L8-20DMB 

20.3 DIP 

D6 

20-Pin CMOS PLD 

5962-88713 

09SX 

PALC16L8-20KMB 

20 CP 

K71 

20-Pin CMOS PLD 

5962-88713 

09XX 

PALC16L8-20LMB 

20 S LCC 

L61 

20-Pin CMOS PLD 

5962-88713 

10RX 

PALC16R8-20DMB 

20.3 DIP 

D6 

20-Pin CMOS PLD 

5962-88713 

10SX 

PALC16R8-20KMB 

20 CP 

K71 

20-Pin CMOS PLD 

5962-88713 

10XX 

PALC16R8-20LMB 

20 S LCC 

L61 

20-Pin CMOS PLD 

5962-88713 

11RX 

PALC16R6-20DMB 

20.3 DIP 

D6 

20-Pin CMOS PLD 

5962-88713 

lisx 

PALC16R6-20KMB 

20 CP 

K71 

20-Pin CMOS PLD 

5962-88713 

11XX 

PALC16R6-20LMB 

20 S LCC 

L61 

20-Pin CMOS PLD 

5962-88713 

12RX 

PALC16R4-20DMB 

20.3 DIP 

D6 

20-Pin CMOS PLD 

5962-88713 

12SX 

PALC16R4-20KMB 

20 CP 

K71 

20-Pin CMOS PLD 

5962-88713 

12XX 

PALC16R4-20LMB 

20 S LCC 

L61 

20-Pin CMOS PLD 

5962-88725 

01LX 

CY7C197-35DMB 

24.3 DIP 

D14 

256K x 1 SRAM 

5962-88725 

01XX 

CY7C197-35LMB 

28 R LCC 

L54 

256K x 1 SRAM 

5962-88725 

02LX 

CY7C197-45DMB 

24.3 DIP 

D14 

256K x 1 SRAM 

5962-88725 

02XX 

CY7C197-45LMB 

28 R LCC 

L54 

256K x 1 SRAM 

5962-88733 

01XX 

CY7C510-55DMB 

64 DIP 

D30 

16 x 16 MAC 

5962-88733 

01YX 

CY7C510-55LMB 

68 S LCC 

L81 

16 x 16 MAC 

5962-88733 

01ZX 

CY7C510-55GMB 

68 PGA 

G68 

16 x 16 MAC 

5962-88733 

02XX 

CY7C5 10-65DMB 

64 DIP 

D30 

16 x 16 MAC 

5962-88733 

02YX 

CY7C510-65LMB 

68 S LCC 

L81 

16 x 16 MAC 

5962-88733 

02ZX 

CY7C5 10-65GMB 

68 PGA 

G68 

16 x 16 MAC 

5962-88733 

03XX 

CY7C510-75DMB 

64 DIP 

D30 

16 x 16 MAC 

5962-88733 

03YX 

CY7C510-75LMB 

68 S LCC 

L81 

16 x 16 MAC 

5962-88733 

03ZX 

CY7C510-75GMB 

68 PGA 

G68 

16 x 16 MAC 

5962-88734 

02JX 

CY7C292A-45DMB 

24.6 DIP 


2Kx8 EPROM 

5962-88734 

02KX 

CY7C291A-45KMB 

24 CP 

H 

2K x 8 EPROM 

5962-88734 

02LX 

CY7C291A-45DMB 

24.3 DIP 


2K x 8 EPROM 

5962-88734 

023X 

CY7C291A-45LMB 

28 S LCC 

L64 

2K x 8 EPROM 

5962-88734 

03JX 

CY7C292A-35DMB 

24.6 DIP 

D12 

2K x 8 EPROM 

5962-88734 

03KX 

CY7C291A-35KMB 

24 CP 

K73 

2K x 8 EPROM 

5962-88734 

03LX 

CY7C291A-35DMB 

24.3 DIP 

D14 

2Kx8 EPROM 

5962-88734 

033X 

CY7C291A-35LMB 

28 S LCC 

L64 

2K x 8 EPROM 

5962-88734 

04 JX 

CY7C292A-25DMB 

24.6 DIP 

D12 

2K x 8 EPROM 

5962-88734 

04 KX 

CY7C291A-25KMB 

24 CP 

K73 

2K x 8 EPROM 

5962-88734 

04 LX 

CY7C291A-25DMB 

24.3 DIP 

D14 

2K x 8 EPROM 

5962-88734 

043X 

CY7C291A-25LMB 

28 S LCC 

L64 

2K x 8 EPROM 

5962-88735 

01KX 

CY7C245-45KMB 

24 CP 

K73 

2K x 8 Registered PROM 

5962-88735 

01LX 

CY7C245-45DMB 

24.3 DIP 

D14 

2K x 8 Registered PROM 

5962-88735 

01 3X 

CY7C245-45LMB 

28 S LCC 

L64 

2K x 8 Registered PROM 

5962-88735 

02KX 

CY7C245-35KMB 

24 CP 

K73 

2K x 8 Registered PROM 

5962-88735 

02LX 

CY7C245-35DMB 

24.3 DIP 

D14 

2K x 8 Registered PROM 

5962-88735 

023X 

CY7C245-35LMB 

28 S LCC 

L64 

2K x 8 Registered PROM 

5962-88735 

03KX 

CY7C245A-35KMB 

24 CP 

K73 

2K x 8 Registered PROM 

5962-88735 

03LX 

CY7C245A-35DMB 

24.3 DIP 

D14 

2K x 8 Registered PROM 

5962-88735 

033X 

CY7C245A-35LMB 

28 S LCC 

L64 

2K x 8 Registered PROM 

5962-88735 

04 KX 

CY7C245A-25KMB 

24 CP 

K73 

2K x 8 Registered PROM 

5962-88735 

04LX 

CY7C245A-25DMB 

24.3 DIP 

D14 

2K x 8 Registered PROM 

5962-88735 

043X 

CY7C245A-25LMB 

28 S LCC 

L64 

2K x 8 Registered PROM 

5962-89517 

01XX 

CY7C9101-45DMB 

64 DIP 

D30 

16-Bit Slice 

5962-89517 

01YX 

CY7C9101-45LMB 

68 S LCC 

L81 

16-Bit Slice 

5962-89517 

01ZX 

CY7C9101-45GMB 

68 PGA 

G68 

16-Bit Slice 

5962-89517 

01UX 

CY7C9101-45FMB 

64QFP 

F90 

16-Bit Slice 

5962-89517 

02XX 

CY7C9101-35DMB 

64 DIP 

D30 

16-Bit Slice 

5962-89517 

02YX 

CY7C9101-35LMB 

68 S LCC 

L81 

16-Bit Slice 

5962-89517 

02ZX 

CY7C9101-35GMB 

68 PGA 

G68 

16-Bit Slice 
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DESC SMD (Standardized Military Drawing) Approvals! 1 ! (continued) 


SMD Number 

Cypress! 2 ! 

Part Number 

Package! 3 ' 

Product 

Description 

Description 

Type 

5962-89517 

02UX 

CY7C9101-35FMB 

64 Q FP 

F90 

16-Bit Slice 

5962-89537 

01UX 

CY7C25 1-65QMB 

32RLCC 

Q55 

16K x 8 UV EPROM 

5962-89537 

01YX 

CY7C25 1-65WMB 

28.3 DIP 

W22 

16K x 8 UV EPROM 

5962-89537 

01ZX 

CY7C25 1-65TMB 

28 CP 

T74 

16K x 8 UV EPROM 

5962-89537 

02UX 

CY7C251-55QMB 

32 R LCC 

Q55 

16K x 8 UV EPROM 

5962-89537 

02YX 

CY7C25 1-55WMB 

28.3 DIP 

W22 

16K x 8 UV EPROM 

5962-89537 

02ZX 

CY7C251-55TMB 

28 CP 

T74 

16K x 8 UV EPROM 

5962-89538 

01UX 

CY7C254-65QMB 

32 R LCC 

Q55 

16K x 8 UV EPROM 

5962-89538 

01XX 

CY7C254-65WMB 

28.6 DIP 

W16 

16K x 8 UV EPROM 

5962-89538 

01ZX 

CY7C254-65TMB 

28 CP 

T74 

16K x 8 UV EPROM 

5962-89538 

021JX 

CY7C254-55QMB 

32 R LCC 

Q55 

16K x 8 UV EPROM 

5962-89538 

02XX 

CY7C254-55WMB 

28.6 DIP 

W16 

16K x 8 UV EPROM 

5962-89538 

02ZX 

CY7C254-55TMB 

28 CP 

T74 

16K x 8 UV EPROM 

5962-89546 

01XX 

CY7C330-28WMB 

28.3 DIP 

W22 

PLD State Machine 

5962-89546 

01YX 

CY7C3 30-28TMB 

28 CP 

T74 

PLD State Machine 

5962-89546 

01 3X 

CY7C330-28QMB 

28 S LCC 

Q64 

PLD State Machine 

5962-89546 

02XX 

CY7C330-40WMB 

28.3 DIP 

W22 

PLD State Machine 

5962-89546 

02YX 

CY7C330-40TMB 

28 CP 

T74 

PLD State Machine 

5962-89546 

023X 

CY7C330-40QMB 

28 S LCC 

064 

PLD State Machine 

5962-89546 

03XX 

CY7C330-50WMB 

28.3 DIP 

W22 

PLD State Machine 

5962-89546 

03YX 

CY7C330-50TMB 

28 CP 

T74 

PLD State Machine 

5962-89546 

033X 

CY7C330-50QMB 

28 S LCC 

Q64 

PLD State Machine 

5962-89661 

01XX 

CY7C409A-15DMB 

28.3 DIP 

D22 

64 x 9 FIFO 

5962-89661 

01YX 

CY7C409A-15KMB 

28 CP 

K74 

64 x 9 FIFO 

5962-89661 

013X 

CY7C409A-15LMB 

28 S LCC 

L64 

64 x 9 FIFO 

5962-89661 

02XX 

CY7C409A-25DMB 

28.3 DIP 

D22 

64 x 9 FIFO 

5962-89661 

02YX 

CY7C409A-25KMB 

28 CP 

K74 

64 x 9 FIFO 

5962-89661 

023X 

CY7C409A-25LMB 

28 S LCC 

L64 

64 x 9 FIFO 

5962-89664 

01XX 

CY7C408A-15DMB 

28.3 DIP 

D22 

64 x 8 FIFO 

5962-89664 

01YX 

CY7C408A-15KMB 

28 CP 

K74 

64 x 8 FIFO 

5962-89664 

013X 

CY7C408A-15LMB 

28 S LCC 

L64 

64 x 8 FIFO 

5962-89664 

02XX 

CY7C408A-25DMB 

28.3 DIP 

D22 

64 x 8 FIFO 

5962-89664 

02YX 

CY7C408A-25KMB 

28 CP 

K74 

64 x 8 FIFO 

5962-89664 

023X 

CY7C408A-25LMB 

28 S LCC 

L64 

64 x 8 FIFO 

5962-89690 

01JX 

CY6116A-25DMB 

24.6 DIP 

D12 

2K x 8 SRAM 

5962-89690 

01KX 

CY7C128A-25KMB 

24 CP 

K73 

2K x 8 SRAM 

5962-89690 

01 LX 

CY7C128A-25DMB 

24.3 DIP 

D14 

2K x 8 SRAM 

5962-89690 

01XX 

CY6117A-25LMB 

32 R LCC 

L55 

2K x 8 SRAM 

5962-89690 

01YX 

CY7C128A-25LMB 

24 R LCC 

L53 

2K x 8 SRAM 

5962-89690 

01 3X 

CY6116A-25LMB 

28 S LCC 

L64 

2K x 8 SRAM 

5962-89690 

02JX 

CY6116A-20DMB 

24.6 DIP 

D12 

2K x 8 SRAM 

5962-89690 

02KX 

CY7C128A-20KMB 

24 CP 

K73 

2K x 8 SRAM 

5962-89690 

02LX 

CY7C128A-20DMB 

24.3 DIP 

D14 

2K x 8 SRAM 

5962-89690 

02XX 

CY6117A-20LMB 

32 R LCC 

L55 

2K x 8 SRAM 

5962-89690 

02YX 

CY7C1 28 A-20LMB 

24 R LCC 

L53 

2K x 8 SRAM 

5962-89690 

023X 

CY61 16A-20LMB 

28 S LCC 

L64 

2K x 8 SRAM 

5962-89694 

01EX 

CY7C190-25DMB 

16.3 DIP 

D2 

16K x 4 SRAM 

5962-89694 

01FX 

CY7C190-25KMB 

16 CP 

K69 

16K x 4 SRAM 

5962-89694 

01XX 

CY7C190-25LMB 

20 S LCC 

L61 

16K x 4 SRAM 


Notes: 


1. SMD approvals are continually being updated. Contact your 3. Package: 24.3 DIP = 24-pin 0.300” DIP; 

local Cypress representative for the latest update. 24.6 DIP = 24-pin 0.600” DIP 

2. Use the SMD part number as the ordering code. ^S^fq^are 2 ^ 

24 CP = 24-pin ceramic flatpack (Configuration 1); 
FP = brazed flatpack 
PGA = Pin Grid Array 
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SMD Ordering Information 


5962-8XXXX 01 


X 

l_ 


LEAD FINISH 
A = Solder Dip 
B = Tin Plate 
C = Gold 

X = Don’t Care (The letter “X” will not be marked on the device, but will be 
replaced with the actual lead finish designation.) 


PACKAGE TYPE (Not a complete list) 


V = 

18-pin 

0.300 DIP 

J 

= 24-pin 

0.600 DIP 

R = 

20-pin 

0.300 DIP 

Q 

= 40-pin 

0.600 DIP 

S = 

20-pin 

Cerpack 

K 

= 24-pin 

Cerpack 

W = 

22-pin 

0.400 DIP 

2 

= 20-pin 

SQLCC 

L = 

24-pin 

0.300 DIP 

3 

= 28-pin 

SQLCC 


X, Y, Z, U, T, N = Non-dedicated package designations and will vary per drawing. 
DEVICE TYPE 


DRAWING NUMBER 
DRAWING PREFIX 

5962 = Federal Stock Code (FSC) for microcircuits. Pre-1985 drawings 
do not have this prefix. 
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BridgeMOS 


Features 

• May be driven by CMOS or TTL 

• Drives fully loaded TTL 
— Inputs switch at 1.5V 

• Can drive CMOS to full input levels 
- Vol = 0.2V at Iol = 20 pA 

— Voh — 0.9 Vcc at Ioh = -20 pA 

• SRAM, PROM, LOGIC 

• 2.0V (V C c) data retention on all 
devices 


Overview 

The BridgeMOS® product line from Cy- 
press Semiconductor provides an electrical 
bridge between CMOS and TTL or TTL 
and CMOS devices. BridgeMOS devices 
may be driven by either TTLor CMOS de- 
vices and in turn can drive either fully 
loaded TTL or CMOS to full input levels. 
As a result, any combination of TTL and / 
or CMOS may be interfaced to Cypress 
BridgeMOS products. 

All devices in the BridgeMOS product line 
are specified at a 2.0V (Vcc) standby mode 
of operation. This allows the device to be 
powered at 2.0 volts and maintain the in- 
tegrity of the data in any volatile storage 
element. 

The output drivers in the 7CXXX Cypress 
products are designed for TTL signals and 


pull-up to 2.4 volts. For BridgeMOS, Cy- 
press has designed an output driver that 
boosts the output voltage sufficiently to 
drive the inputs of a device to greater than 
3.85 volts, thus guaranteeing that the input 
converter will draw minimum power. The 
output drivers source 20 microamps at 
their rated BridgeMOS levels. They will 
also source and drive normal TTL loads. 
Therefore, they are capable of driving oth- 
er non-BridgeMOS loads and normal 
TTL loads at the same time. 

Although the TTL to CMOS input con- 
verters power down as described above, 
they switch at TTL levels and all timing is 
referenced to 1.5 volts. The device will op- 
erate at normal TTL levels with no AC 
performance degradation. 


CY8C150 Selection Guide 



8050-15 

8050-25 

8050-35 

Maximum Access 

Time (ns) 

Commercial 

15 

25 

35 

Military 


25 

35 

Maximum Operating 

Current (mA) 

Commercial 

100 

100 

100 

Military 


125 

125 


CY8C245 Selection Guide 



8C245-35 

8C245-45 

Maximum Access Time (ns) 

35 

50 

Maximum Operating 

Current (mA) 

Commerical 

45 

45 

Military 

80 

80 


CY8C291 Selection Guide 



8C291-35 

8C291-50 

Maximum Access Time (ns) 

35 

50 

Maximum Operating 

Commerical 

45 

45 

Current (mA) 

Military 

80 

80 


CY8C901 Selection Guide 


Read Modify-Write Cycle (min.) in ns 

Operating ICC (max.) in mA 

Operating Range 

Part Number 

31 

26.5 

Commercial 

8C901-31 

32 

31.0 

Military 

8C901-32 


CY8C909/8C911 Selection Guide 



8C909-30 

8C911-30 

8C909-40 

8C9 11-40 

Minimum Clock to Output Cycle Time (ns) 

30 

40 

Maximum Operating Current (mA) 

15 

15 


n-i 
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QuickPro 




Features 

• Combined PROM, PLD, and EPROM 
programmer 

• Programs Cypress CMOS PLDs and 
PROMs 

• Reads bipolar PLDs and PROMs 

• Easy-to-use, menu-driven software 

• New device updates via floppy disk 

• IBM-PC® plug-in card format, ex- 
ternal ZIP-DIP socket 

• Compatible with the IBM PC family 
of computers and plug compatibles 

• Programs 24- and 28-pin NMOS and 
CMOS EPROMs 

• One long slot and 256 kbytes of 
memory required 

• Designed for present and future 
NMOS and CMOS devices 

• Optional LCC, PLCC, SOIC socket 
adapters 


Description 

QuickPro is a development tool for present 
and future CMOS PROM and PLD de- 
vices, and is used within the IBM PC and 
compatible environment. Older genera- 
tion bipolar PLDs and PROMs required 
special current and programming voltages 
that were difficult to generate within the 
IBM PC. 

QuickPro is designed for new generations 
of CMOS PLDs and PROMs that obsolete 
the older technology and use a program- 
ming technique, which is more compatible 
with low cost programming methods. 

QuickPro can also program standard 
NMOS and CMOS EPROMs in packages 
up to 28 pins. And QuickPro is fast; intelli- 
gent programming is used to reduce pro- 
gramming time to a minimum. 


QuickPro is future oriented. Each I/O pin 
is fully programmable, allowing the pa- 
rameters and timing of each device to be 
handled via software. As new devices be- 
come available, they will be supported by 
QuickPro. Updates are managed by a sim- 
ple exchange of floppy disks. 

QuickPro includes a comprehensive set of 
commands to make programming PLDs 
and PROMs as easy as possible. 

For PLDs, QuickPro uses the JEDEC 
standard data format, so present and fu- 
ture logic design tools such as ABEL®, 
CUPL®, and PALASM® can be used. 
Because the QuickPro add-in card plugs 
into your PC backplane and is driven di- 
rectly by the PC software, it avoids serial 
download problems from a PC to a stand- 
alone programmer. For PROMs, Quick- 
Pro reads Intellec 86®, Motorola S, TEK, 
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Description (continued) 

and space format files. QuickPro also reads and writes PROM PC- 
DOS binary files for use with assemblers and compilers. QuickPro 
is low cost, so each workstation can have one, eliminating the incon- 


venience of sharing one expensive programmer. All actions are 
menu-driven, with complete explanations provided on-screen, in 
clear text. There is no need to loop up manufacturer’s codes in a 
table. 

QuickPro Commands 


Program device 

Write disk file 

Select device type 

Verify device 

Edit memory 

Blank check device 

Display memory 

Program security fuse 

Change PROM 
memory location 

Read device 

Test PLD device 

Read disk file 

Fill memory 

Convert PLD type 

Summary display 


Technical Information 


Size 

IBM-PC standard full length card. Selectable port addresses 
300-3 IF, 320-33F, 340-35F, 360-37F hex. 

Power 

+ 5V 1.0 amp 

+ 12V 1.0 amp (peak) 0.4 amp average 

- 12V 0.05 amp 

Socket Pod 

This is the external socket for connection to the device to be pro- 
grammed or read. It provides a 28-pin 300/600-mil socket for com- 
patibility with a wide range of devices. Other adapters for leadless 
packages are also available. Five filter switches are located on the 
pod for bypass capacitors according to manufacturers’ published 
programming specifications. 

Memory 

256 kbytes of total memory is sufficient to operate QuickPro. 

Devices Supported 

Cypress CMOS PROMs: 

CY7C225, CY7C235, CY7C245, CY7C245A, CY7C251, 
CY7C254, CY7C261, CY7C263, CY7C264, CY7C268, 


CY7C269, CY7C271, CY7C274, CY7C277, CY7C279, 
CY7C281, CY7C282, CY7C291, CY7C291A, CY7C292, 
CY7C292A, CY7C293A 


Cypress CMOS PLDs: 

PALC16L8, PALC16R4, PALC16R6, PALC1648, 
PALC22V10, PLDC20G10, PLDC20RA10, 

CY7C330, CY7C331, CY7C332 

QuickPro can read 20- and 24-pin Bipolar PLDs for conversion to 
Cypress PLDs. 

EPROMs: (NMOS and CMOS) 

2716, 2732, 2732A, 2764, 2764A, 27128, 27256, 27512 

Ordering Information 

CY3000 QuickPro System ($995.00) contains: 

CY3001 QuickPro Board 

CY3002 QuickPro Pod 

CY3003 QuickPro System Disk 

QuickPro Manual 

Optional QuickPro Package Adaptors Include: 

CY3004A (CY3006A) 28-lead square (P)LCC: 

PALC22V10, CG20G10 

CY3004B (CY3006B) 28-lead square (P)LCC: 

7C225, 7C235, 7C245, 7C261, 7C263, 7C264, 7C281, 

7C282, 7C291, 7C292 

CY3005 (CY3007) 20-lead square (P)LCC: 

16L8, 16R4, 16R6, 16R8 

CY3008 (CY3009) 28-lead square (P)LCC: 

7C269, 7C271, 7C330, 7C331, 7C332 

CY3010 (CY3011) 28-lead square (P)LCC: 

PLDC20G10 

CY3012 (CY3013) 32-lead rectangular (P)LCC: 

7C268 

CY3014 28-pin SOIC: 

7C225, 7C235, 7C245, 7C251, 7C254, 7C261, 7C263, 

7C264, 7C269, 7C271, 7C281, 7C282, 7C291, 7C292 

CY3015 32-pin DIP: 

7C268 

CY3017 (CY3018) 32-lead square (P)LCC: 

7C251, 7C254 


MAX and MAX + PLUS are trademarks of Altera Corporation. 

IBM PC/AT and PS/2 are registered trademarks of International Business Machines Corporation. 
QP2-MAX and QuickPro II are trademarks of Cypress Semiconductor Corporation. 

CUPL is a trademark of Assisted Technology. 

PALASM is a trademark of Monolithic Memories Inc. 

Intellec 86 is a trademark of Intel Corporation. 
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PLD TooIKit 


Features 

• Logic assembler, Reverse assembler 

• Concise easy-to-use syntax 

• JEDEC read/write capability 

• Integrated waveform logic simulator 

• Mouse-driven simulation editor 

• Mouse, keyboard, command line in- 
terface 

• CGA, EGA, VGA, Hercules support 

• Supports all Cypress PLDs 


Description 

The Cypress PLD TooIKit is a sophisti- 
cated programmable logic design tool that 
supports the Cypress family of program- 
mable logic products. The TooIKit in- 
cludes the ability to assemble a logic source 
file, interactively perform logic simulation 
on the result, and write a standard JEDEC 
output file for programming the PLD. In 
addition, JEDEC files may be read, simu- 
lated, and reverse assembled, creating 
source files that may be modified and re- 
assembled. 

The PLD TooIKit runs on any standard 
IBM PC®, AT®, 386 or compatible person- 
al computer with a CGA, EGA, VGA, or 
Hercules display. The TooIKit features 
mouse, keyboard, or command line inter- 
face, and supports Logitech® and Micro 


soft® mouse compatibility. Command line 
control is provided for assembly from a 
source file to JEDEC file or disassembly of 
a JEDEC file to a source file. 

The language contains syntax that allows 
the management of programmable logic 
device macrocells in all possible configura- 
tions, as well as default conditions that 
provide concise source files. In addition, 
there are language constructs called con- 
nectives that provide expressions for con- 
necting any product term to a macrocell. 

The TooIKit simulator features waveform 
entry, multiple views and multi-segment 
simulation. The simulator provides the ca- 
pability to specify initial design conditions, 
and “view nodes” may be created and used 
to probe internal nodes in the device. 



IBM and IBM PC, AT are registered trademarks of International Business Machines Corporation. 
Logitech is a trademark of Logitech, Inc. 

Microsoft is a registered trademark of Microsoft Corporation. 
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PLD ToolKit Command Menus 


Command Menu 

Assemble 
Disassemble 
Write JEDEC 
Read JEDEC 

Simulate 

Options 

Information 

Clear 

Information 

Release Number 
Release Date 
Serial Number 
Free Memory 
Screen Size 
Number of Colors 
Options 

Simulation Colors 
Menu Colors 
JEDEC Brief/Annotate 


Invokes Assembles 

Invokes Disassembler 

Writes JEDEC Output File 

Reads JEDEC File into PLD 
ToolKit 

Invokes Simulator 

Selects Option Menu 

Selects System Information 
Menu 

Resets ToolKit 


Information about the PLD 
ToolKit for registration pur- 
poses 


Allows the selection of colors 
for the Simulator Display 


Simulation Colors 
Background 
Input Trace 
Output Trace 
Name of Pin or Node 
Pin or Node Background 
Trace Selected 
Selected Trace Background 
Memory 

512 kbytes of total memory is required to operate the PLD ToolKit. 

Devices Supported 

PALC16R8, PALC16R6, PALC16R4, PALC16L8, PALC22V10, 
PLDC20G10, CY7C330, CY7C331, CY7C332, CY7C361, 
CY10E301, CY 100E301, CY10E302, CY100E302 

Ordering Information 

CY3101 Cypress PLD ToolKit Level 1 contains: 

Two 5 Vi" Floppy Disks 
One 3 Vt” Floppy Disk 
One Manual 
One Registration Card 


Selects Simulation Colors Menu 

Selects Menu Color Menu 

Toggles JEDEC Annotated 
or Brief Listing 


G Fuse (JEDEC Security): Toggles Security Fuse 
ON/OFF 


Working Directory Path ( ) Sets Path to Working Directory 
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PLDS-MAX + PLUS® 
Design System 


Features 

• Fully integrated development and 
programming system for Multiple 
Array Matrix (MAX®) family of 
EPLDs 

• Offers multiple modes of design entry 
including State Machine, Boolean 
Equations, and schematic capture via 
a Hierarchical Graphic Editor 

• Hierarchical Graphic Editor features 
include: 

— Multiple-level schematics 
— User-definable macrofunctions 
— Library of 7400 Series TTL and 
special-purpose macrofunctions 
optimized for MAX architecture 
— Delay path predictor 

• Logic Synthesis and minimization en- 
sures quick and optimal design im- 
plementation 

• Automatic Error Location 

• Interractive timing simulation 


• Graphical Waveform Editor for creat- 
ing simulation stimulus and viewing 
simulation results 

• Runs on IBM PC/AT®, PS/2® or 
compatible machines 

• Includes the QP2-MAX® program- 
mer for device programming 

Description 

The PLDS-MAX + PLUS Development 
System is a complete hardware and soft- 
ware design environment for realizing 
applications in the Cypress CY7C340 fami- 
ly of EPLDs. It includes design entry, tim- 
ing simulation, placement and routing on 
the target device (compiling), and device 
programming via the QP2-MAX program- 
mer (MAX + PLUS version of QuickPro 
II® PLD programmer). Hosted on an 
IBM PC/AT, PS/2, or compatible machine, 
PLDS-MAX + PLUS gives designers all 
the tools they need to quickly and efficient- 
ly realize complex logic applications on Cy- 
press MAX devices. 


The MAX + PLUS software compiles de- 
signs for MAX EPLDs in a matter of min- 
utes. Designs may be entered using any 
combination of a number of different de- 
sign entry methods. MAX + PLUS sup- 
ports hierarchical graphic entry (schemat- 
ics), Boolean Equations, State Machine, 
and Truth Table entry methods. The 
Graphic Editor features include tag and 
drag editing, multiple windows, multiple 
levels of zoom and a menu-driven com- 
mand structure. The Graphic Editor pro- 
vides a comprehensive library of 7400 TTL 
logic macros, and also allows you to create 
your own logic macros through the use of 
its multiple hierarchy levels and symbol 
editing features. Boolean Equation, State 
Machine, and Truth Table entry methods 
may be used separately or in conjunction 
with the graphics entry method. 

In addition to having multiple design entry 
methods, MAX + PLUS includes a sophis- 
ticated compiler to map logical design de- 
scriptions to MAX logical resources, place 



MAX and MAX + PLUS are trademarks of Altera Corporation. 

IBM PC/AT and PS/2 are registered trademarks of International Business Machines Corporation. 
QP2-MAX and QuickPro II are trademarks of Cypress Semiconductor Corporation. 
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designs within physical MAX EPLDs and rout the necessary in- 
terconnect. The compiler uses advanced logic synthesis and mini- 
mization techniques in conjunction with knowledge-based fitting 
rules to optimally accomplish this. A programming file is created 
by the compiler, which can then be used by the software to pro- 
gram a MAX EPLD using the QP2-MAX programming hard- 
ware. 

Logic simulations may be performed using a powerful event-dri- 
ven timing simulator within PLDS-MAX + PLUS. This simulator 
interactively displays timing results in a Graphical Waveform Edi- 
tor display, as well as hard-copy tabular and waveform output. The 
Graphical Waveform Editor allows the entry and modifications of 
simulator input stimulus waveforms and logical operations on 
pairs of waveforms. A comparison between two simulations can 
be performed in the Waveform Editor, and the difference between 
the simulations are highlighted. 

Unlike most design environments, PLDS-MAX + PLUS is fully in- 
tegrated with a central database used by all portions of the design 
process. This enables the software to provide such features as Au- 
tomatic Error Location and Delay Prediction. If a design contains 
an error, PLDS-MAX + PLUS not only flags the error, but takes 
the user to the actual location of the error in the original schemat- 
ic. Propagation delays of critical circuit paths may be determined 
in the Graphical Editor using the Delay Predictor. By simply tag- 
ging start and end nodes with the cursor, the shortest and longest 
timing delay is calculated. 

Design Entry 

PLDS-MAX + PLUS supports a variety of design entry methods. 
Boolean Equation entry is available for entering simple combina- 
torial logic and register functions. High-level language entry is 
also provided with State Machine and Truth Table entry methods. 


To provide a more classic design entry tool for larger logic circuits, 
a powerful Graphical Editor allows design entry through schemat- 
ics. 

Graphic Editor 

The hierarchical design methodology supported by the Graphical 
Editor allows designers to work in either a top-down or a bottom- 
up fashion. Using the top-down method, designers start with sys- 
tem-level block diagrams, defining symbols for each block, and 
then work their way down into each block with detailed schemat- 
ics. Likewise, in a bottom-up approach, designers create, simulate, 
and debug small blocks of logic, creating symbols for each, and 
then tie them all together with an upper-level system schematic. 

The Graphic Editor is mouse-driven and uses pull-down menus or 
single keystrokes to enter commands. The display utilizes multiple 
windows to provide the user with a maximum amount of informa- 
tion. One window displays the local schematic view, another the 
total global circuit view, another contains the hierarchy display 
showing where you are currently viewing, and still other windows 
provide control, graphic options, and message information. 

Included with the Graphic Editor is a library of popular 7400 TTL 
SSI/MSI macrofunctions and a collection of special macrofunc- 
tions that optimally utilize the resources available on the MAX ar- 
chitecture. Designers may use these macrofunctions to create 
their design by simply placing the library’s symbols on their sche- 
matics and wiring them up, or they may create their own macro- 
functions by first creating the logic schematic (or Boolean Equa- 
tions or State Machine descriptions) for it and then creating a 
symbol using the Symbol Editor. This symbol can also be created 
by the software automatically. These new macrofunctions may 



Figure 1. PLDS-MAX + PLUS Block Diagram 
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then be used multiple times in the current design, or saved and 
used in other designs. 

Creating and editing schematics within the Graphical Editor envi- 
ronment is accomplished using advanced graphics features. Tag 
and drag editing is used to move individual symbols, or entire areas 
may be identified and moved. Lines stay connected with true or- 
thogonal rubberbanding. This means that symbols and areas can 
be moved and yet the connection wires retain clean 90-degree 
angles as they move to maintain the connectivity of the schematic. 
Hardcopy of a completed design may be produced on an Epson 
FX compatible printer or HP plotter. 

An additional feature of the hierarchical Graphic Editor is the 
Delay Predictor. This tool gives the designer instant feedback on 
propagation delays between nodes in the design. By placing 
probes on the starting and the ending nodes, the minimum and 
maximum delays are calculated for the path between the nodes 
and these values are displayed. This is a valuable tool for design 
debugging and documentation. 

Design Processing 

After a design has been entered, the PLDS-MAX + PLUS Com- 
piler is invoked. This program performs several tasks on the de- 
sign database under control of a variety of options. First a netlist 
is extracted from the hierarchical design. During the extraction 
process, design rules are checked for any errors, and if errors are 
found, the error processor leads the designer directly to the sche- 
matic location where the error occurred. Once the design com- 
piles error-free, the extracted netlist is placed in the design data- 
base. If the design has been compiled previously, and only a 
portion of the design has been changed, an incremental compile 
may be chosen, and only the changed parts of the design will be 
re-extracted, decreasing the compile time. 

Next, the Logic Synthesizer module operates on the design data- 
base. This program translates and optimizes the user-defined logic 
for the MAX architecture and resources. In this process, the logic 
is first minimized with any unused logic in the design being auto- 
matically removed. Using knowledge-based synthesis rules, the 
program then factors and maps the logic in a manner that ensures 
the most efficient use of silicon resources. 

After Logic Synthesis, the Fitter program is invoked, which uses 
heuristic rules to optimally place the synthesised design within the 
chosen Cypress MAX device. It assigns the logical design elements 
to the physical MAX macros and expansion product terms. Next, 
it routes the interconnect signals to realize the design. If a MAX 
device with a Programmable Interconnect Array is used, then the 
software automatically makes optimal use of this resource to 
achieve complete signal routing. Upon completion, the fitter is- 
sues a report showing exactly how the design was realized in the 
device, as well as any unused resources. This information can then 
be used to determine if any additional logic might fit in the EPLD 
chosen. 

The final two operations performed by the Design Processor soft- 
ware are to extract a simulator netlist file for use with the Timing 
Simulator, and create a Programmer Object File (POF). The POF 
file is used with the QP2-MAX program m ing hardware to program 
the desired part. 

Design Simulation 

Debugging and verification of a completed design can be accom- 
plished with the PLDS-MAX + PLUS timing simulator. This pro- 
gram is an interactive, event-driven simulator that emulates the 


true timing and functional characteristics of the compiled design. 
Input stimulus can be created using a straightforward vector for- 
mat, or the Graphical Waveform Editor can be used to enter them 
graphically. Simulation results can also be viewed either in tabular 
form or with the Waveform Editor. 

The Simulator operates on the netlist extracted by the Design Pro- 
cessor, and performs timing simulation with 1/10 nanosecond res- 
olution. During simulation, the program will check for a variety 
of timing relationships and warn the user when violations occur. 
These timing relationships include flip-flop set-up or hold time 
violations, minimum pulse width violations and minimum oscilla- 
tion period violations as defined by the designer. The designer can 
also set break-point conditions for the simulator. 

The Waveform Editor may be used in conjunction with the timing 
simulator to edit input stimulus files and to view simulation results. 
It provides multiple zoom levels for viewing and the ability to de- 
fine busses. Logical operators may also be performed on pairs of 
waveforms to highlight particular relationships. Input waveforms 
are created using the mouse and familiar text editing commands. 

Device Programming 

The PLDS-MAX 4- PLUS includes both the software and hard- 
ware necessary to program, verify and read Cypress MAX devices. 
The QP2-MAX programmer provides the basic hardware capabil- 
ity, while specific device adapters are used with each particular de- 
vice. Adapters for the CY7C344 (DIP and PLCC) and the 
CY7C342 (PLCC) are included with the PLDS-MAX + PLUS. 
Additional adapters for support of other MAX devices and pack- 
ages can be purchased separately. 

System Requirements 

Minimum System Configuration 

IBM PS/2 model 50 or higher, PC/AT or compatible 
computer. 

PC-DOS version 3.1 or higher. 

640 kbytes RAM. 

EGA, VGA or Hercules monochrome display. 

20-MB hard disk drive. 

1.2- MB 5V4" or 1.44-MB 3Vz" floppy disk drive. 

3-button serial port mouse. 

Recommended System Configuration 

IBMPS/2model70or higher, orCompaq38620-Mhzcomputer. 
PC-DOS version 3.3. 

640 kbytes of RAM plus 1 MB of expanded memory with LIM 

3.2- compatible EMS driver. 

VGA graphics display. 

20-MB hard disk drive. 

1.2- MB 5V4" or 1.44-MB 3Vi" floppy disk drive. 

3-button serial port mouse. 
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Ordering Information 

CY3200 PLDS-MAX + PLUS System including: 

CY3201 MAX + PLUS software, manuals 

and key. 


CY3202 QP2-MAX PLD programmer with 
CY3342 & CY3344 adapters. 

Device Adapters 

CY3342 Adapter for CY7C342 in PLCC packages. 

CY3344 Adapter for CY7C344 in DIP and PLCC 
packages. 

CY3342R Adapter for CY7C342 in PGA packages. 

CY33435 Adapter for CY7C343 and CY7C345 in DIP 
and PLCC packages. 
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Features 

• Combined PROM, PLD, and EPROM Programmer 

• Programs all Cypress CMOS & ECL PLDs and PROMs 

• Easy-to-use, menu-driven software 

• New device and feature updates via floppy disk and adapters 

• Plugs into standard IBM PC® parallel port— no need to 
use up a bus slot 

• Compatible with IBM PC/AT®, PS/2®, and compatible 
computers 

• Programs 20-, 24-, 28-, 32-, 40-, 44-, and 68-pin Cypress 
PLDs and PROMs via device adapters 

• Modular design with adapter bus for future device support 
and future feature enhancements 

• Comprehensive self-test and automatic calibration software 

• Supports Vmargin verification for a higher degree of device 
reliability 

Description 

QuickPro II is Cypress’s second-generation QuickPro PLD and 
PROM device programmer. It incorporates new architectural fea- 
tures that enable it to handle all current and future devices through 
a 96-pin universal bus connector. The QuickPro II hardware can 
be installed on any IBM PC/AT- or PS/2-compatible computer by 
simply plugging into a standard parallel port. The software com- 
municates with the QuickPro II electronics via this parallel port 
and utilizes intelligent programming algorithms to minimize de- 
vice programming time. 

The QuickPro II architecture and feature set were dictated by the 
needs of Cypress’s new-generation PLDs and PROMs. Many of 
these devices offer very high performance and complexity with 
large numbers of pins. To meet these needs, the QuickPro II uti- 
lizes flexible pin electronics, a universal adapter bus and a carefully 
engineered system design that minimizes electrical noise. Pin elec- 
tronics are located as close as possible to the device being pro- 
grammed. In addition to the V PP and V C c voltage sources needed 
to program parts, the QuickPro II incorporates a Vmargin voltage 
source for measuring the relative programming margins to which 
a device has been programmed and a Vref voltage source for doing 
on-board self-testing and calibration. 

For PLDs, QuickPro II uses the JEDEC standard data format, so 
present and future design tools such as PLD ToolKit®, ABEL®, 
CUPL® , and PALASM® can be used. QuickPro II reads Intellec 
86®, Motorola S, TEK and space format files. It also reads and 
writes PROM PC DOS binary files for use with assemblers and 
compilers. QuickPro II is a low-cost, full-feature programming/ 
verification system with a flexible and extendible architecture. The 
user interface software is menu-driven with complete on-screen 
explanations. 


Technical Information 

Size 

The QuickPro II base unit is approximately 10 1/2" x 8 1/2" x 1". 
Individual device family adapters vary in size from 5" x 3" to 6" 
x 6" . The parallel port cable and AC power adapter cable are both 
approximately 6 ' in length. 

Power 

AC Power Adapter 17 VAC @ 500 mA 

Device Adapters 

Device adapters are external modules with various pin and socket 
configurations. Each adapter plugs into the QuickPro II bus con- 
nector and maps the pins of particular devices and packages to the 
pin electronics resources available at the connector. Each adapter 
has at least one LED that indicates when power is being applied 
to the socket. In addition to these device adapters, package adapt- 
ers are also used to accommodate the various package options 
available for PLDs and PROMs. 

Memory 

640K of total memory is necessary to operate the QuickPro II soft- 
ware. 

Devices Supported 

QuickPro II hardware and software supports the programming 
and verification of all Cypress and Aspen PLDs and PROMs. 

Ordering Information 

CY3300 QuickPro II system including: 


CY3301 

QuickPro II base unit 

CY3302 

QuickPro II parallel port cable 

CY3303 

QuickPro II AC power adapter 

CY3304 

QuickPro II software (disk & manual) 

CY3202 QP2-MAX version of QuickPro II for 
PLDS-MAX + PLUS design tool. 

Includes CY3342 and CY3344 adapters. 

Device Adapters 


CY3320 

Adapter for all Cypress 20-, 24-, 28-, and 32-pin 
devices excluding the MAX parts. Contains 
20-, 24, and 28- pin DIP sockets (package 
adapters required for 32-pin devices). 

CY3342 

Adapter for the CY7C342— PLCC 

CY3342R 

Adapter for the CY7C342— PGA 

CY3344 

Adapter for the C Y7C344 —PLCC & DIP 

CY33435 

Adapter for the CY7C343 and CY7C345— 
PLCC & DIP 
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Package Adapters 

Package adapters are used with the CY3320 generic device pro- 
gramming adapter on the QuickPro II in order to accommodate 
Cypress’s wide variety of device packaging options. The package 
adapters used with devices having 28 native pins on the QuickPro 
II are the same as those used on the original QuickPro®. The 
number of native pins that a device has refers to the number of ac- 
tual signal, power and ground pins used— excluding any N/C (No 


Connects) in a particular package. All devices are programmed in 
the CY3320 adapter’s DIP socket having the same number of pins 
as the native pins on the device. Thus, for example, a 22V 10 is pro- 
grammed in the 24-pin DIP socket, regardless of whether it is in 
a DIP package or a PLCC package, even though the PLCC pack- 
age has 28 pins (4 are N/Cs). A package adapter between the 
28-pin PLCC and the 24-pin DIP sockets is used to accomplish this. 
The following list summarizes the package adapters used with the 
CY3320 adapter on the QuickPro II. 


Devices with 20 native pins 

CY3360A 20-pin LCC - Package codes L61 and Q61 - All devices 


CY3360B 20-pin PLCC - Package code J61 - All devices 
CY3360C 20-pin SOJ - Package code V5 - All devices 


CY3360D 20-pin Cerpack - Package code K71 


Devices with 24 native pins 

CY3361A 28-pin LCC (22V10, CG7C323, CG7C324) 

CY3361B 28-pin LCC (7C325, 7C235, 7C245, 7C261/3/4, 7C281/2, 7C291/2, 7C245, 7C291A/2A/3A) 
CY3361C 28-pin LCC (20G10) 

CY3361D 28-pin LCC (20RA10) 

CY3361E 28-pin PLCC and HLCC (22V10, CG7C323, CG7C324) 

CY3361F 28-pin PLCC and HLCC (20G10, 20RA10) 

CY3361G 24-pin Cerpack - Package codes K73, T73 - All devices 
CY3361H 24-pin SOIC - Package code S13 - All devices 


Devices with 28 native pins 

CY3008 28-pin LCC - Package codes L64 and Q64 - All devices 
CY3009 28-pin PLCC and HLCC - Package codes J64 and H64 - All devices 

CY3022 28-pin SOJ - Package code V21 - All devices 

CY3020 28-pin Cerpack - Package codes K74, T74 - All devices 
CY3017 32-pin rectangular LCC (7C25 1/4) 

CY3012 32-pin rectangular LCC (7C266, 7C271/4, 7C279) 

CY3024 32-pin rectangular LCC (7C277) 


Document #: 38-00129 


QuickPro, QuickPro II, and PLD TbolKit are trademarks of Cypress Semiconductor Corporation. 

IBM PC, PC/AT, and PS/2 are registered trademarks of International Business Machines Corporation. 
ABEL is a registered trademark of Data I/O Corporation. 

CUPL is a registered trademark of Assisted Technology. 

PALASM is a registered trademark of Monolithic Memories Inc. 

Intellec 86 is a trademark of Intel Corporation. 
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Quality, Reliability, and Process Flows 


Corporate Views on Quality and Reliability 

Cypress believes in product excellence. Excellence can only be de- 
fined by how the users perceive both our product quality and reli- 
ability. If you, the user, are not satisfied with every device that is 
shipped, then product excellence has not been achieved. 

Product excellence does not occur by following the industry 
norms. It begins by being better than one’s competitors, with bet- 
ter designs, processes, controls and materials. Therefore, product 
quality and reliability are built into every Cypress product from 
the start. 

Some of the techniques used to insure product excellence are the 
following: 

• Product Reliability starts at the initial design inception. It is 
built into every product design from the very start. 

• Product Quality is built into every step of the manufacturing 
process through stringent inspections of incoming materials 
and conformance checks after critical process steps. 

• Stringent inspections and reliability conformance checks are 
done on finished product to insure the finished product 
quality requirements are met. 

• Field data test results are encouraged and tracked so that 
accelerated testing can be correlated to actual use experi- 
ences. 

Product Assurance Documents 

Cypress Semiconductor uses MIL-STD-883C and MIL- 
M-38510H as baseline documents to determine our Test Methods, 
Procedures and General Specifications for semiconductors. 

Customers using our Commercial and Industrial grade product 
receive the benefit of a military patterned process flow at no addi- 
tional charge. 

Product Testing Categories 

Five different testing categories are offered by Cypress: 

1. Commercial operating range product: 0°C to +70°C. 

2. Industrial operating range product: -40 °C to +85°C. 

3. Military Grade product processed to MID-STD-883C; Military 
operating range: -55 °C to + 125 °C. 

4. SMD (Standardized Military Drawing) approved product: Mil- 
itary operating range: -55 °C to + 125 °C, electrically tested per 
the applicable Military Drawing. 


5. JAN qualified product; Military operating range: -55 °C to 
+ 125 °C, electrically tested per MII^M-38510 slash sheet re- 
quirements. 

Category 1, 2, and 3 are available on all products offered by Cy- 
press Semiconductor. Category 4 and 5 are offered on a more lim- 
ited basis, dependent upon the specific part type in question. 

Commercial Product Assurance Categories 

Commercial grade devices are offered with two different classes 
of product assurance. Every device shipped, as a minimum, meets 
the processing and screening requirements of level 1. 

Level 1: For commercial or industrial systems where the de- 
mand for quality and reliability is high, but where field 
service and device replacement can be reasonably ac- 
complished. 

Level 2: For enhanced reliability applications and commercial 
or industrial systems where maintenance is difficult 
and/or expensive and reliability is paramount. 

Devices are upgraded from Level 1 to Level 2 by addi- 
tional testing and a burn-in to MIL^STD-883, Method 
1015. 

Tables 1 and 2 list the 100% screening and quality conformance 
testing performed by Cypress Semiconductor in order to meet re- 
quirements of these programs. 

Military Product Assurance Categories 

Cypress’ Military Grade components and SMD products are pro- 
cessed per MIL-STD-883C using methods 5004 and 5005 to define 
our screening and quality conformance procedures. The process- 
ing performed by Cypress results in a product that meets the class 
B screening requirements as called out by these methods. Every 
device shipped, as a minimum, meets these requirements. 

JAN, SMD and Military Grade devices supplied by Cypress are 
processed for applications where maintenance is difficult or ex- 
pensive and reliability is paramount. Tables 3 through Table 7 list 
the screening and quality conformance testing that is performed 
in order to meet the processing requirements required by MIL- 
STD-883C and MIL-M-38510. 
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Table 1. Cypress Commercial and Industrial Product Screening Flows— Components 




Product Temperature Ranges | 

Screen 

MIL-STD-883 Method 

Commercial 0°C to +70°C; 

Industrial -40 °C to +85°C 



Level 1 

Level 2 



Plastic 

Hermetic 

Plastic 

Hermetic 

Visual/Mechanical 

• Internal Visual 

2010 

0.4% AQL 

100% 

0.4% AQL 

100% 

• Hermeticity 

- Fine Leak 

- Gross Leak 

1014, Cond A or B (sample) 
1014, Cond C 

Does Not Apply 
Does Not Apply 

LTPD = 5 
100% 

Does Not Apply 
Does Not Apply 

LTPD = 5 
100% 

Burn-in 






• Pre-Burn-in Electrical 

Per Device Specification 

Does Not Apply 

Does Not Apply 

100% 

100% 

• Bum-in 

Per Cypress Specification 

Does Not Apply 

Does Not Apply 

100%hl 

100% 11 ! 

• Post-Burn-in Electrical 

Per Device Specification 

Does Not Apply 

Does Not Apply 

100% 

100% 

• Percent Defective 
Allowable (PDA) 


Does Not Apply 

Does Not Apply 

5% (max) 12 ! 

5% (max) 12 ! 

Final Electrical 

Per Device Specification 





• Static (DC), Functional, 
and Switching (AC) Tests 

1. At 25 °C and Power 
Supplies Extremes 

Not Performed 

Not Performed 

ioo% 1! ] 

100% 1 ‘! 


2. At Hot Temperature and 
Power Supply Extremes 

100% 

100% 

100% 

100% 

Cypress Quality 

Lot Acceptance 






• External Visual 

2009 

[3] 

[3] 

[3] 

[3] 

• Final Electrical 
Conformance 

Cypress Method 17-00064 

[3] 

[3] 

[3] 

[3] 


liable 2. Cypress Commercial and Industrial Product Screening Flows— Modules 




Product Temperature Ranges ] 

Screen 

MIL-STD-883 Method 

Commercial 0°C to +70°C; 

Industrial -40 °C to +85°C 



Level 1 

Level 2 

Bum-in 




• Pre-Burn-in Electrical 

Per Device Specification 

Does Not Apply 


• Bum-in 

1015 

Does Not Apply 


• Post-Bum-in Electrical 

Per Device Specification 

Does Not Apply 

■ISM 

• Percent Defective 
Allowable (PDA) 


Does Not Apply 

15% 

Final Electrical 

Per Device Specification 



• Static (DC), Functional, 
and Switching (AC) Tests 

1) At 25 °C and Power 
Supply Extremes 

Not Performed 

100% 


2) At Hot Temperature and 
Power Supply Extremes 

100% 

100% 

Cypress Quality 

Lot Acceptance 




• External Visual 

2009 

Per Cypress Module Specification 

Per Cypress Module Specification 

• Final Electrical 
Conformance 

Cypress Method 17-00064 

[3] 

[3] 


Notes: 

1. Burn-in is performed as a standard for 12 hours at 150°C. 3. Lot acceptance testing is performed on every lot to guarantee 

2. Electrical Test is performed after burn-in. Results of this are used 200 PPM average outgoing quality, 

to determine PDA percentage. 
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Table 3. Cypress JAN/SMD/Military Grade Product Screening Flows for Class B 




Product Temperature Ranges -55° 

C to + 125 °C 

Screen 

Screening Per 

Method 5004 of 
MIL-STD-883 

JAN 

SMD/Military 
Grade Product 

Military Grade 
Module 

Visual/Mechanical 





• Internal Visual 

Method 2010, Cond B 


100% 

N/A 

• Temperature Cycling 

Method 1010, Cond C, (10 cycles) 


100% 

Optional 

• Constant Acceleration 

Method 2001, Cond E (Min), 

Y1 Orientation Only 

100% 

100% 

N/A 

• Hermeticity: 

— Fine Leak 
— Gross Leak 

Method 1014, Cond A or B 
Method 1014, Cond C 

100% 

100% 

100% 

100% 

N/A 

N/A 

Burn-in 





• Pre-Burn-in Electrical 
Parameters 

Per Applicable Device 
Specification 

100% 

100% 

100% 

• Bum-in Test 

Method 1015, Cond D, 

160 Hrs at 125 °C Min or 

80 Hrs at 150 °C 

100% 

100% 

100% 

(48 Hours at 125 °C) 

• Post-Burn-in Electrical 
Parameters 

Per Applicable Device 
Specification 

100% 

100% 

100% 

• Percent Defective 
Allowable (PDA) 

Maximum PDA, for All Lots 

5% 

5% 

10% 

Final Electrical Tests 





• Static Tests 

Method 5005 

Subgroups 1, 2 and 3 

100% Test to 
Slash Sheet 

100% Test to 
Applicable Device 
Specification 

100% Test to 
Applicable 
Specification 

• Functional Tests 

Method 5005 

Subgroups 7, 8A and 8B 

100% Test to 
Slash Sheet 

100% Test to 
Applicable Device 
Specification 

100% Test to 
Applicable 
Specification 

• Switching 

Method 5005 

Subgroups 9, 10 and 11 

100% Test to 
Slash Sheet 

100% Test to 
Applicable Device 
Specification 

100% Test to 
Applicable 
Specification 

Qual ity Conformance Tests 
• Group A (4] 

Method 5005, See 

Sample 

Sample 

Sample 

• Group B 

Table 4-7 for 

Sample 

Sample 

Sample 

• Group C' 5 > 

details 

Sample 

Sample 

Sample 

• Group D [5 1 


Sample 

Sample 

Sample 

External Visual 

Method 2009 

100% 

100% 

100% 


Notes: 

4. Group A subgroups tested for SMD /Military Grade products are 1 , 
2, 3, 7, 8A, 8B, 9, 10, 11, or per JAN Slash Sheet. 


5. Group C and D end-point electrical tests for SMD/Military Grade 
products are performed to Group A subgroups 1, 2, 3, 7, 8A, 8B, 9, 
10, 11, or per JAN Slash Sheet. 
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Group B testing is performed for each inspection lot. An inspec- 
tion lot is defined as a group of material of the same device type, 
package type and lead finish built within a six week seal period and 
submitted to Group B testing at the same time. 

Table 6. Group C Quality Tests 


Group C tests for JAN product are performed on one device type 
from one inspection for lot representing each technology. Sample 
tests are performed per MIL-M-38510 from each three month 
production of devices, which is based upon the die fabrication 
date code. 

Group C tests for SMD and Military Grade products are per- 
formed on one device type from one inspection lot representing 
each technology. Sample tests are performed per MII^STD-883 
from each four calendar quarters production of devices, which is 
based upon the die fabrication date code. 

End-point electrical tests and parameters are performed per the 
applicable device specification. 

Table 7. Group D Quality Tests (Package Related) 


Cypress uses an LTPD sampling plan that was developed by the 
Military to assure product quality. Testing is performed to the sub- 
groups found to be appropriate for the particular device type. All 
Military Grade component products have a Group A sample test 
performed on each inspection lot per MIL-STD-883 and the 
applicable device specification.. 

Table 5. Group B Quality Tests 


Notes: 

6. Military Grade Modules are processed to proposed JEDEC standard 
flows for M1L-STD-883 compliant modules. 


Sub- 

group 

Description 

Quantity/ Accept # 
or LTPD 

Components 

Modules 161 

2 

Resistance to Solvents, 
Method 2015 

4/0 

4/0 

3 

Solderability, 

Method 2003 

10 

10/0 

5 

Bond Strength, 

Method 2011 

15 

NA 


Sub- 

group 

Description 

Quantity/Accept # 
or LTPD 

Components 

Modules 1 * 1 

1 

Physical Dimensions, 
Method 2016 

15 

15/2 

2 

Lead Integrity, Seal: 

Fine & Gross Leak, 
Method 2004 & 1014 

15 

15/2 

3 

Thermal Shock, Temp 
Cycling, Moisture 
Resistance, Seal: Fine 
& Gross Leak, Visual 
Examination, End- 
Point, Electricals, Meth- 
ods 

1011, 1010, 1004 & 1014 

15 

15/2 

4 

Mechanical Shock, 
Vibration - Variable 
Frequency, Constant 
Acceleration, Seal: 

Fine & Gross Leak, 
Visual Examination, 
End-Point Electricals, 
Methods 2002, 2007, 

2001 & 1014 

15 

15/2 


Sub- 

group 

Description 

LTPD 

Components 

Modules 1 * 1 

■ 

Steady State Life Test, 
End Point Electricals, 
Method 1005 

5 

15/2 


~=^SS r SEMICO 


Table 4. Group A Test Descriptions 


Sub- 

group 

Description 

Sample Size/Accept No. 

Components 

Modules 1 * 1 

1 

Static Tests at 25 °C 

116/0 

77/1 

2 

Static Tests at 

Maximum Rated 
Operating Temperature 

116/0 

55/1 

3 

Static Tests at 

Minimum Rated 
Operating Temperature 

116/0 

55/1 

4 

Dynamic Tests at 25 °C 

116/0 

77/1 

5 

Dynamic Tests at 
Maximum Rated 
Operating Temperature 

116/0 

55/1 

6 

Dynamic Tests at 
Minimum Rated 
Operating Temperature 

116/0 

55/1 

7 

Functional Tests at 25 °C 

116/0 

77/1 

8A 

Functional Tests at 
Maximum Temperature 

116/0 

55/1 

8B 

Functional Tests at 
Minimum Temperature 

116/0 

55/1 

9 

Switching Tests at 25 °C 

116/0 

77/1 

10 

Switching Tests at 
Maximum Temperature 

116/0 

55/1 

11 

Switching Tests at 
Minimum Temperature 

116/0 

55/1 
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Table 7. Group D Quality Tests (Package Related) 
(continued) 


Parts marked the same as ordered part number 
Ex: CY7C122-15PCB, PALC22V10-25PIB 


Sub- 

group 

Description 

Quantity/Accept # 
or LTPD 

Components 

Modules 171 

5 

Salt Atmosphere, 

Seal: Fine & Gross Leak, 
Visual Examination, 
Methods 1009 & 1014 

15(0) 

15/2 

6 

Internal Water-Vapor 
Content; 5000 ppm 
maximum @ 100 °C. 
Method 1018 

3(0) or 5(1) 

N/A 

7 

Adhesion of Lead 

Finish, m 

Method 2025 

15(0) 

15/2 

8 

Lid Torque, 

Method 2024 [9] 

5(0) 

N/A 


Notes: 

7. Does not apply to leadless chip carriers. 

8. Based on the number of leads. 

9. Applies only to packages with glass seals. 

Group D tests for JAN product are performed per MIDM-38510 
on each package type from each six months of production, based 
on the lot inspection identification (or date) codes. 

Group D tests for SMD and Military Grade products are per- 
formed per MIL-STD-883 on each package type from each 52 
weeks of production, based on the lot inspection identification (or 
date) codes. 

End-point electrical tests and parameters are performed per the 
applicable device specification. 

Product Screening Summary 

Commercial and Industrial Product 

• Screened to either Level 1 or Level 2 product assurance 
flows 


Military Grade Product 


• SMD and Military Grade components are manufactured in 
compliance with paragraph 1.2. 1 of MIL-STD-883. Com- 
pliant products are identified by an ‘MB’ suffix on the part 
number (CY7C122-25DMB) and the letter “C” 

• JAN devices are manufactured in accordance with MIL- 
M-38510 

• Military grade devices electrically tested to: 

- Cypress data sheet specifications 

OR 

- SMD devices electrically tested to military drawing speci- 
fications 


OR 

- JAN devices electrically tested to slash sheet specifica- 
tions 

• All devices supplied in Hermetic packages 

• Quality conformance inspection: Method 5005, Groups A, 
B, C, and D performed as part of the standard process flow 

• Bum-in performed on all devices 

- Cypress detailed circuit specification for non-Jan devices 

OR 

- Slash sheet requirements for JAN products 

• Static functional and switching tests performed at 25 °C as 
well as temperature and power supply extremes on 100% of 
the product in every lot 

• JAN product manufactured in a DESC certified facility 


Ordering Information 


JAN Product: 

• Order per military document 

• Marked per military document 

Ex: J M385 10/2890 1BVA 

SMD Product: 


• Hermetic and Molded packages available 

• Incoming Mechanical and Electrical performance guaran- 
teed: 

- 0.02% AQL Electrical Sample test performed on every 
lot prior to shipment 

- 0.65% AQL External Visual Sample inspection 

• Electrically tested to Cypress data sheet 

Ordering Information 

Product Assurance Grade: Level 1 

• Order Standard Cypress part number 

• Parts marked the same as ordered part number 

Ex: CY7C122-15PC, PALC22V10-25PI 

Product Assurance Grade: Level 2 

• Bum-in performed on all devices to Cypress detailed circuit 
specification 

• Add “B” Suffix to Cypress standard part number when or- 
dering to designate Bum-in option 


• Order per military document 

• Marked per military document 

Ex: 5962-886700 1LA 

Military Grade Product: 

- Order per Cypress standard military part number 

- Marked the same as ordered part number 

Ex: CY7C122-25DMB 

Military Modules 

• Military Temperature Grade Modules are designated with 
an ‘M’ suffix only. These modules are screened to standard 
combined flows and tested at both military temperature 
extremes. 

• MII^STD-883 Equivalent Modules are processed to pro- 
posed JEDEC standard flows for MIL-STD-883 compliant 
modules. All MIL-STD-883 equivalent modules are as- 
sembled with fully-compliant MIL-STD-883 components. 
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Product Quality Assurance Flow— Components 
T Process Details 


QC INCOMING MATERIALS 
INSPECTION 


FAB DIFFUSION/ION 
IMPLANTATION 


All incoming materials are inspected to documented procedures covering the 
handling, inspection, storage, and release of raw materials used in the 
manufacture of Cypress products. Materials inspected are: wafers, masks, 
leadframes, ceramic packages and/or piece parts, molding compounds, 
gases, chemicals, etc. 

Sheet resistance, implant dose, species and CV characteristics are measured 
for all critical implants on every product run. Test wafers may be used to 
collect this data instead of actual production wafers. If this is done, they are 
processed with the standard product prior to collecting specific data. This 
assures accurate correlation between the actual product and the wafers used 
to monitor implantation. 


FAB OXIDATION 


FAB PHOTOLITHOGRAPHY 
/ETCHING 


Sample wafers and sample sites are inspected on each run from various 
positions of the furnace load to inspect for oxide thickness. Automated 
equipment is used to monitor pinhole counts for various oxidations in the 
process. In addition, an appearance inspection is performed by the opeartor to 
further monitor the oxidation process. 

Appearance of resist is checked by the operator after the spin operation. Also, 
after the film is developed, both dimensions and appearance are checked by 
the operator on a sample of wafers and locations upon each wafer. Final CDs 
and alignment are also sample inspected on several wafers and sites on each 
wafer on every product run. 


FAB METALIZATION 


Film thickness is monitored on every run. Step coverage cross-sections are 
performed on a periodic basis to insure coverage. 


FAB PASSIVATION 


An outgoing visual inspection is performed on 100% of the wafers in a lot to 
inspect for scratches, particles, bubbles, etc. Film thickness is verified on a 
sample of wafers and locations within each given wafer on each run. Pinholes 
are monitored on a sample basis weekly. 


FAB QC VISUAL OF 
WAFERS 


FAB E-TEST 


Electrical test is performed for final process electrical characteristics on every 
wafer. 


FAB QC MONITOR OF 
E-TEST DATA 


Weekly review of all data trends; running averages, minimums, maximums, 
etc. are reviewed with the process control manager. 


TEST WAFER PROBE/SORT 


Verify functionality, electrical characteristics, stress test devices. 


TEST QC CHECK PROBING 
AND ELECTRICAL 
TEST RESULTS 


Pass/fail lot based on yield and correct probe placement. 


TO ASSEMBLY 
AND TEST 


(continued) 
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Quality, Reliability, and Process Flows 


Product Quality Assurance Flow— Components (continued) 
Commercial and Industrial Product 



MIL-STD-883, Method 2010, condition B 



QC Visual Lot Acceptance 
Sample inspect die; 1.0% AQL 




Die Attach 

Attach per Cypress detailed specification 


QC Process Monitor 

Inspect for die position, quality and uniformity of 
die attach and attachment strength, MIL-STD-883, 
Method 2010, criteria 




Wire Bond 

Bond per Cypress detailed specification 


QC Process Monitor - Wire Bonding 
Monitor bond strength and failure mode 

Internal Visual Inspection 
Low-power (30x) inspection of workmanship MIL- 
STD-883, Method 2010, condition B 




QC Visual Lot Acceptance 
Sample inspect lot to verify workmanship, 
MIL-STD-883, Method 2010, condition B, 
criteria; 0.4% AQL 



Die Coat 

Coating applied to selected products 



(continued) 
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Product Quality Assurance Flow— Components (continued) 
Commercial and Industrial Product 


PLASTIC 


HERMETIC 


QC Visual Lot Acceptance for Die Coated Products 
Mold/Encapsulate Plastic Devices 


<A 


Seal Hermetic Devices 


0 


Periodic QC Monitor, Lid-Torque y. i 
Shear strength of glass-frit seal tested 

to MIL-STD-883, Method 2024 ^ | 



Post Mold Cure 

Per Cypress method for molding compound 


Lead Trim/Form 

Lead trim and form for plastic devices, lead 
trim for hermetic devices (where applicable) 

Lot ID 

Mark assembly lot on devices 

Lead Prep/Finish (Solder Dip) 

Prepare leads for solder dip, solder dip devices 
and inspect for uniform solder coverage 



0 


QC Process Monitor 

Verify workmanship and solder coverage 


0 


Fine and Gross Leak Test 
Method 1014, Cond A or B; fine leak (sample) 
Method 1014, Cond C; gross leak (100%) 




External Visual Inspection 
Inspect for workmanship, construction, cracked or 
broken devices, bent leads, crazing, casteilation 
alignment, and solder coverage. 
MIL-STD-883, Method 2009 



(continued) 
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Quality, Reliability, and Process Flows 


Product Quality Assurance Flow— Components (continued) 
Commercial and Industrial Product 


PLASTIC 



OPTIONAL BURN-IN PROCESSING FOR LEVEL 2 


& ! 

Pre-Bum-In Electrical Test 

5 

1 

□ 

• 

Bum-In 

1 

□ 

• 

• 

□ 

QC Monitor - Burn-In Documents/Results 

1 

□ 

• 

0 

Post-Burn-In Electricals 

Per applicable device specification 

1 

0 


HERMETIC 


-o 


QC Inspection 
PDA verified within limits 


Final Electrical Test 




100% test lot; static (DC), functional and switching (AC) 
tests perfomed per applicable device specification 

Final Device Marking 




0 


$ 


Final Visual Inspection 

Inspect for bent leads, marking, solder coverage, etc. 


QC LOT ACCEPTANCE 


External Visual Sample 
Method 2009; 0.4% AQL 

Electrical Sample Test 
0.02% AQL to guarantee 200 PPM 

Inspection - Pre-Shipment 
Confirm part type, count, package, check for 
completeness of processing requirements, confirm 
supporting documentation is sent, if required 

Pack/Ship Order 


Key 

o Production Process 
□ Test/Inspection 

IrSl Production Process and Test Inspection 
QC Sample Gate and Inspection 


o 


o- 


0 


$ 
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CYPRESS 

SEMICONDUCTOR 


Product Quality Assurance Flow— Components 
Military Components 


MILITARY ASSEMBLY FLOW 



Wafer Prep/Mount/Saw 

Inspect for accurate sawing of scribeline and 100% saw-through 


Die Visual Inspection 

Inspect die per MIL-STD-883, Method 2010, condition B 



QC Visual Lot Acceptance 
Sample inspect die; 1.0% AQL 



Die Attach 

Attach per Cypress detailed specification 


Die Adherence Monitor 

MIL-STD-883, Method 2019 or Method 2027 


Wire Bond 

Bond per Cypress detailed specification 


Bond Pull Monitor 
MIL-STD-883, Method 201 1 


Internal Visual Inspection 

Low-power and high-power inspection per 

MIL-STD-883, Method 2010, condition B 



QC Visual Lot Acceptance 
Sample inspect lot per MIL-STD-883, 
Method 2010, condition B, 0.4% AQL 


Die Coat 

Coating applied to selected products 



QC Visual Lot Acceptance for Die Coated Products 


Seal 



Periodic QC Monitor, Lid-Torque 
Shear strength of glass 


(continued) 
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Quality, Reliability, and Process Flows 


Product Quality Assurance Flow— Components (continued) 
Military Components 



Temperature Cycle 

Method 1010, Cond C, 10 cycles 

Constant Acceleration 

Method 2001, Cond E, Y1 Orientation 

Lead Trim 

Lead trim when applicable 
Lot ID 

Mark assembly lot on devices 


Lead Finish 

Solder dip or matte tin plate applicable devices and inspect 



QC Process Monitor 

Verify workmanship and lead finish coverage 


External Visual Inspec tion 
Method 2009 


Pre-Burn-In Electrical Test 

Method 5004, per applicable device specification 


Burn-In 

Method 1015, condition D 


Post-Burn-In Electricals 

Method 5004, per applicable device specification 



PDA Calculation 
Method 5004, 5% 



Final Electrical Test 

Method 5004; Static, functional and switching 
tests per applicable device specification 


(continued) 
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Product Quality Assurance Flow— Components (continued) 
Military Components 



Lead Finish - Solder Dip 
Solder dip applicable devices 

Fine and Gross Leak Test 

Method 1014, condition A or B, fine leak; condition C, gross leak 


Final Device Marking 

MIL-STD-883 or applicable device specification 

Group B 
Method 5005 


Group A 

Method 5005, per applicable device specification 


0 


Group C and D 

Method 5005, in accordance with 
1.2.1 of MIL-STD-883; JAN devices 
in accordance with MIL-M-38510 

External Visual 

Method 2009, 100% inspection 



External Visual Sample 
Method 2009, 0.4% AQL 



Plant Clearance 


Pack/Ship Order 



Key 

Production Process 
Test/Inspection 

Production Process and Test Inspection 
QC Sample Gate and Inspection 
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Product Quality Assurance Flow— Modules 

y All incoming materials are inspected to documented 
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Quality, Reliability, and Process Flows 


Product Quality Assurance Flow— Modules (continued) 


(OPTIONAL BURN-IN PROCESSING FOR LEVEL 2| 
(STANDARD FOR MIL DEVICES) 


□ 

I 

I 

I 

I 

□ 

• 

I 

I 

□ 

k> 


Burn-In 
Method 1015 


QC Monitor - Bum-In Documents/Results 


Post-Bum-In Electricals 
Per applicable device specification 

QC Inspection 
PDA verified within limits 


□ 

I 

I 

I 

I 

□ 

I 

I 

I 

I 

□ 

o-i 


Final Electrical Test 

100% test lot; DC, AC, functional, and dynamic 
tests performed per applicable device specification 

Final Device Marking 


Final Visual Inspection 
Confirm part type, count, package, check for 
completeness of processing requirements, confirm 
supporting documentation is sent, if required 

QA electrical test 
(room temperature) 


Oi 


Inspection - Pre-Shipment 


Pack/Ship Order 


Key 

Production Process 


O 

□ Test/Inspection 

Ini Production Process and Test Inspection 


o 


QC Sample gate and inspection 
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Reliability Monitor Program 

The Reliability Monitor Program is a documented Cypress proce- 
dure that is described in Cypress specification #25-00008, which 
is available to Cypress customers upon request. This specification 
describes a procedure that provides for periodic reliability moni- 
tors to insure that all Cypress products comply with established 


goals for reliability improvement and to minimize reliability risks 
for Cypress customers. The Reliability Monitor Program is de- 
signed to monitor key products within each generic process fami- 
ly. This procedure requires that detailed failure analysis be per- 
formed on all test rejects and the corrective actions be taken as 
indicated by the analysis. A summary of the Reliability Monitor 
Program test and sampling plan is shown below. 


Reliability Monitor Program Sampling Plan 


Test Description 

Duration 

Sample 

Size 

Frequen- 

cy* 10 ) 

Early Failure Rate (EFR) 

150 °C HTOL 

125 °C HTOL 

12 Hours 

80 Hours 

195/116 [11] 

195/116' 10 ) 

Weekly 

Bi-Weekly 

Latent Failure Rate (LFR) 

150 °C HTOL 

125 °C HTOL 

2000 Hours 
3000 Hours 

195/U6 1101 
195/1 16t 10 ) 

Monthly 

Monthly 

High Temperature Steady State Life (HTSSL) 

150 °C HTOL 

150 °C HTOL (1 lot/quarter extended) 

168 Hours 

1000 Hours 

116 

116 

Weekly 

Quarterly 

Plastic Package Data Retention (DRET) PROM/PLD 

165 °C Bake 

1000 Hours 

45 

Weekly 

Hermetic Package Data Retention (DRET) PROM/PLD 
250 °C Bake 

1000 Hours 

45 

Bi-Weekly 

Pressure Cooker (PCT) 

121°C/100% R. H. 

288 Hours 

45 

Weekly 

High-Acceleration Saturation (HAST) 

Biased 121°C/85% R. H. 

200 Hours 

45 

Monthly 

Temperature Cycle (T/C) 

- 65 °C to + 150 °C 

- 65 °C to + 150 °C (1 lot/quarter extended) 

100 Cycles 

1000 Cycles 

45 

45 

Weekly 

Quarterly 


Notes: 

10. Maximum period between samples is listed. More frequent sampling 
may occur. 

11. 116 units for PROM/PLD. 



13-15 








































Tape and Reel Specifications 


Description 

Surface-mounted devices are packaged in embossed tape and 
wound onto reels for shipment in compliance with Electronics In- 
dustries Association Standard EIA-481 Rev. A. 

Specifications 

Cover Tape 

• The cover tape may not extend past the edge of the carrier tapes 

• The cover tape shall not cover any part of any sprocket hole. 

• The seal of the cover tape to the carrier tape is uniform, with 
the seal extending over 100% of the length of each pocket, on 
each side. 


• The force to peel back the cover tape from the carrier tape shall 
be: 20 gms minimal, 70 gms nominal, 100 gms maximal, at a pull- 
back speed of 300 ± 10 mm/min. 

Loading the Reel 

Empty pockets between the first and last filled pockets on the tape 
are permitted within the following requirements: 

• No two consecutive pockets may be left empty 

• No more than a total of ten (10) empty pockets may be on a reel 

The surface-mount devices are placed in the carrier tape with the 
leads down, as shown in Figure 1. 


SOIC Devices 

TYPICAL 



DIRECTION OF FEED 


Figure 1. Part Orientation in Carrier Tape 
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Leaders and trailers 

The carrier tape and the cover tape may not be spliced. Both tapes 
must be one single uninterrupted piece from end to end. 

Both ends of the tape must have empty pockets meeting the fol- 
lowing minimum requirements: 

• Trailer end (inside hub of reel) is 300 mm minimum 

• Leader end (outside of reel) is 500 mm min., 560 mm max. 

• Unfilled leader and trailer pockets are sealed 

• Leaders and trailers are taped to tape and hub respectively us- 
ing masking tape 

Packaging 

• Full reels contain a standard number of units (refer to Table 1) 

• Reels may contain up to 3 inspection lots. 

• Each reel is packed in an anti-static bag and then in its own indi- 
vidual box. 

• Labels are placed on each reel as shown in Figure 2. The infor- 
mation on the label consists of a minimum of the following in- 
formation, which complies with EIA 556, “Shipping and Re- 
ceiving Transaction Bar Code Label Standard”: 

- Barcoded Information: 

Customer PO number 
Quantity 

Date code 

- Human Readable Only: 

Package count (number of reels per order) 

Description 
“Cypress-San Jose” 


Cypress p/n 

Cypress CS number (if applicable) 

Customer p/n 

• Each box will contain an identical label plus an ESD warning 
label. 

Ordering Information 

CY7Cxxx-yyzzz 
xxx = part type 
yy = speed 

zzz = package, temperature, and options 

SCT = soic, commercial temperature range 

SIT = soic, inductrial temperature range 

SCR = soic, commercial temperature plus bum-in 

SIR = soic, industrial temperature plus bum-in 

VCT = soj, commercial temperature range 

VIT = soj, industrial temperature range 

VCR = soj, commercial temperature plus bum-in 

VIR = soj, industrial temperature plus burn-in 

JCT = plcc, commercial temperature range 

JIT = plcc, industrial temperature range 

JCR = plcc, commercial temperature range plus bum-in 

JIR = plcc, industrial temperature range plus bum-in 

Notes: 

1. The T or R suffix will not be marked on the device. Units will 
be marked the same as parts in a tube. 

2. Order releases must be in full-reel multiples as listed in Table 1. 


Table 1. Parts Per Reel and Tape Specifications 


Package Type 

Terminals 

Carrier Width (mm) 

Pocket Pitch 

Parts Per Meter 

Parts Per Full Reel 

PLCC 

18 

24 

3 

83.3 

750 

20 

16 

3 

83.3 

750 

28(S) 

24 

4 

62.5 

500 

44 

32 

6 

41.6 

400 

52 

32 

6 

41.6 

400 

68 

44 

8 

31.2 

350 

84 

44 

8 

31.2 

350 

SOIC 

20 

24 

3 

83.3 

1,000 

24 

24 

3 

83.3 

1,000 

28 

24 

3 

83.3 

1,000 

SOJ 

20 

24 

3 

83.3 

1,000 

24 

24 

3 

83.3 

1,000 

28 

24 

3 

83.3 

1,000 

PQFP 

84 

32 

8 

31.2 

500 

100 

44 

9 

27.7 

400 

132 

44 

9 

27.7 

350 

164 

56 

11 

22.7 

200 

196 

56 

11 

22.7 

200 
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Thermal Management and 
Component Reliability 


One of the key variables determining the long-term reliability of 
an integrated circuit is the junction temperature of the device dur- 
ing operation. Long-term reliability of the semiconductor chip de- 
grades proportionally with increasing temperatures following an 
exponential function described by the Arrhenius equation of the 
kinetics of chemical reactions. The slope of the logarithmic plots 


is given by the activation energy of the failure mechanisms causing 
thermally activated wear out of the device (see Figure 1.). 

Typical activation energies for commonly observed failure mecha- 
nisms in CMOS devices are shown in Table 1. 



250 200 175 150 125 100 75 50 25 


TEMPERATURE (°C) 

Figure 1. Arrhenius plot, which assumes a failure rate proportional to EXP (-EVkT) 
where E A is the activation energy for the particular failure mechanism 
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Thermal Management 


Table 1. Failure Mechanisms and 
Activation Energies in CMOS Devices 


Failure Mode 

Approximate 

Activation Energy (EQ) 

Oxide Defects 

0.3 eV 

Silicon Defects 

0.3 eV 

Electromigration 

0.6 eV 

Contact Metallurgy 

0.9 eV 

Surface Charge 

0.5 -1.0 eV 

Slow Trapping 

1.0 eV 

Plastic Chemistry 

1.0 eV 

Polarization 

1.0 eV 

Microcracks 

1.3 eV 

Contamination 

1.4 eV 


To reduce thermally activated reliability failures, Cypress Semi- 
conductor has optimized both their low-power generating 1.2p 
CMOS device fabrication process and their high heat dissipation 
packaging capabilities. Table 2 demostrates this optimized thermal 
performance by comparing bipolar, NMOS and Cypress high- 
speed IK SRAM CMOS devices in their respective plastic packag- 
ing environments under standard operating conditions 


Table 2. Thermal Performance of Fast IK SRAMs 
in Plastic Packages 


Technology 

Bipolar 

NMOS 

Cypress 

CMOS 

Device Number 

93422 

9122 

7C122 

Speed (ns) 

30 

25 

25 

I cc (mA) 

150 

110 

60 

V CC (V) 

5.0 

5.0 

5.0 

Pm ax (mW) 

750 

550 

300 

Package RTH (JA) (°C/W) 

120 

120 

70 

Junction Temperature (°C) 
at Data Sheet Pmax [1) 

160 

136 

91 


Notes: 

T ^'ambient = 70°C 

During its normal operation, the Cypress 7C122 device experi- 
ences a 91 °C junction temperature, whereas competitive devices 
in their respective packaging environments see a 45 °C and 69 °C 
higher junction temperature. In terms of relative reliability life ex- 
pectancy, assuming a 1.0 eV activation energy failure mechanisms, 
this translates into an improvement in excess of two orders of mag- 
nitude (lOOx) over the bipolar 93422 device and more than one or- 
der of magnitude (30x) over the NMOS 9122 device. 


Thermal Performance Data of Cypress Component 
Packages 

The thermal performance of a semiconductor device in its package 
is determined by many factors, including package design and con- 
struction, packaging materials, chip size, chip thickness, chip at- 
tachment process and materials, package size, etc. 

Thermal Resistance (6ja, ©jc) 

For a packaged semiconductor device, heat generated near the juc- 
tion of the powered chip causes the juction temperature to rise 
above the ambient temperature. The total thermal resistance is de- 
fined as 


and 0 ja physically represents the temperature differential between 
the die junction and the surrounding ambient at a power dissipa- 
tion of 1 watt. 

The junction temperature is given by the equation 
Tj = T A + P[© JA ] = T a 4- P[0jc + ©ca] 

where 

©jc= — ■ ~ ) T ~ - and © CA = T , a 

T a = Ambient temperature at which the device is operated; 
Most common standard temperature of operation equals 
70 °C 

Tj = Junction temperature of the IC chip 
T c = Temperature of the case (package) 

P = Power at which the device operates 
©jc = Junction-to-case thermal resistance 
©j A = Junction-to-ambient thermal resistance 
©ca = Case-to-ambient thermal resistance 

The junction-to-ambient environment is a still-air environment 
where the device is inserted into a low-cost standard device socket 
and mounted on a standard .062" G10 PC board. For juction-to- 
case measurements, the same assembly is immersed into a con- 
stant temperature liquid reservoir approaching infinite heat sink- 
ing for the heat dissipated from the package surface. 

The thermal resistance values of Cypress standard packages are 
graphically illustrated in Figures 2 through 5. Each envelope repre- 
sents a spread of typical Cypress integrated circuit chip sizes (upper 
boundary = 5000 Mils 2 , lower boundary = 30,000 Mils 2 ) in their 
thermally optimized packaging environment. 

All thermal characteristics are measured using the TSP (Tempera- 
ture Sensitive Parameter) test method described in MIL STD 
883C, Method 1012. 1. A thermal silicon test chip, containing a 25 Cl 
diffused resistor to heat the chip and a calibrated TSP diode to 
measure the junction temperature, is used for all characterizations. 
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Figure 2. Thermal Resistance of Cypress Plastic DIP Packages 





SEMKOONDUCTOR 


Thermal Management 



16 


20 24 28 

LEAD COUNT- 


32 


36 


40 


Figure 4. Thermal Resistance of Cypress Hermetic Chip Carriers (HLCC) 



16 


20 24 28 

LEAD COUNT- 


32 


36 


40 


Figure 5. Thermal Resistance of Cypress SOICs 
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Packaging Materials 

Cypress Plastic Packages incorporate: 

• High thermal conductivity copper lead frame 

• Molding compound with high thermal conductivity 

• Silver-filled conductive epoxy as die attach material 

• Gold bond wires 


Thermal Management 


Cypress Cerdip Packages incorporate: 

• High conductivity alumina substrates 

• Silver-filled glass as die attach material 

• Alloy 42 lead frame 

• Aluminum bond wires 
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Package Diagrams 


16 Lead (300 MIL) Cerdip D2 


18 Lead (300 MIL) Cerdip D4 




20 Lead (300 MIL) Cerdip D6 


22 Lead (400 MIL) Cerdip D8 


(MIL-M-38510 0-8 CONFIG. 1) 



MIL M 3851 0 D*7 CONFIG. 1 
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Package Diagrams 


22 Lead (300 MIL) Cerdip DIO 


24 Lead (600 MIL) Cerdip D12 



0.005 MIN. MIL M 38510 D-3 CONFIG. 1 



24 Lead (300 MIL) Cerdip D14 



28 Lead (600 MIL) Cerdip D16 

MIL-M-38510 D-10 CONFIG.1 
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Package Diagrams 


40 Lead (600 MIL) Cerdip D18 



32 Lead (600 MIL) Cerdip D20 
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Package Diagrams 


64 Lead (900 MIL) Bottombraze DIP D30 


0.005 MIN 



PIN 1 


DIMENSIONS 
IN INCHES 
MIN. 
MAX. 



32 Lead (300 MIL) Cerdip D32 
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Package Diagrams 


48 Lead (600 MIL) Cerdip D34 



SEATING PLANE 





Package Diagrams 


16 Lead Rectangular Flatpack F69 


18 Lead Rectangular Flatpack F70 


(MIL-M-38510 F-5 CONFIG 2) 



0.045 

0.055 


0.015 

0.019 


0.012 

0.020 



0.250 

0.370 


1 , 0-295 . 
^ 0.320 1 


0.030 

0.050 


L 0-004 

0.007 




0.080 

pi. _j 0-10 0 

I 0.200 0.026 t T 

0.250 0.040 


20 Lead Rectangular Flatpack F71 


24 Lead Rectangular Flatpack F73 


0.045 

0.055 


0.015 

0.019 


0.012 

0.045 






0.280 

, 0.340 , 


0.325 

0.358 


0.050 

u_ 


0.070 

rf= . 



1 

hi re 

t_ 0.004 


0.007 

0.236 


L 

0.080 
| 0.092 

o.oio t F 

0.030 


(MIL-M-38510 F-6 CONFIG 2) 


0.045 


PIN 1 


DIMENSIONS IN INCHES 


MIN. 



0.060 
1 0.090 


L 0.003 
0.006 


I 0,270 I 
^ 0.290 ^ 


0.010 t 

0.030 
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Package Diagrams 


42 Lead Rectangular Flatpack F76 



48 Lead Quad Flatpack F78 
(Preliminary) 


0.750 MAX 

— 


j ( 0.550 BSC | 


1 


0.089 

0.108 

0.079 

0.096 


0.100 REF 


0.058 
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Package Diagrams 


64 Lead Quad Flatpack F90 
(Preliminary) 










Package Diagrams 


207 Pin Grid Array G207 




299 Pin Grid Array G299 
(Preliminary) 
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BOTTOM VIEW 


0.105 

0.145" 


0.100 




0.160 

0.180" 
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Package Diagrams 


20 Lead Plastic Leadless Chip Carrier J61 


28 Lead Plastic Leadless Chip Carrier J64 


DIMENSIONS IN INCHES 
MIN. 

MAX. 




DIMENSIONS IN INCHES 
MIN. 

MAX. 



32 Lead Plastic Leadless Chip Carrier J65 


44 Lead Plastic Leadless Chip Carrier J67 





Jloou 
^^ 0.021 


— I 0.110 

1 0-065 0.140 
0,095 


T 

-0.01 5 MIN. 


DIMENSIONS IN INCHES 
MIN. 

MAX. 



14-19 





68 Lead Plastic Leadless Chip Carrier J81 

DIMENSIONS IN INCHES 


MIN. 

MAX. 
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Package Diagrams 


16 Lead Rectangular Cerpack K69 


18 Lead Rectangular Cerpack K70 


(MIL-M-38510 F-5 CONFIG 1) (MIL-M-38510 F-tO CONFIG 1) 




20 Lead Rectangular Cerpack K71 


24 Lead Rectangular Cerpack K73 


(MIL-M-38510 F— 9 CONFIG 1) 


(MIL-M-38510 F-6 CONFIG 1) 



0.005 MIN. 

0.045 

0.055 


0.015 

0.019 


0.045 MAX. 


i 

0.060 | 

0.090 - 1 

t_J 0,250 
0.350 


0.250 

0.300 


X 


0.250 I 
0.350 




T 0.026 

0.040 


SEATING 

PUNE 



0.004 

0.009 
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Package Diagrams 


28 Lead Rectangular Cerpack K74 

(MIL-M- 38510 F-11 CONFIG 1) 








Package Diagrams 



18 Pin Rectangular Leadless Chip Carrier L50 

(MIL-M -38510 C-10A) 


20 Pin Rectangular Leadless Chip Carrier L51 

(MIL-M-3851 0 C-1 3) 





I PIN 1 

u 

0.008 R 

20 PLCS 

BOTTOM 

0.020 i 

nun 

o 

a 

E3 — 

to 

— E3 

i g 

I 0.045 

i- 0.055 

16 PLCS 

' /> 

0.030 -T 

O ' 

r o 

't. 


□ 

□ 

1 0.020 

_ 1 

a 

a 

T- 0.030 

0.040 J. 

0.055 

ran 

pp ; 

| 20 PLCS 

19PLCS f 





DIMENSIONS IN INCHES 
MIN. 

MAX. 


, 0.062 
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SIDE 


0.050 

0.066 


22 Pin Rectangular Leadless Chip Carrier L52 


24 Pin Rectangular Leadless Chip Carrier L53 
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Package Diagrams 


28 Pin Rectangular Leadless Chip Carrier L54 


32 Pin Rectangular Leadless Chip Carrier L55 


(MIL-M-38510 C-11 A) 


(MIL-M-38510 012) 



20 Pin Square Leadless Chip Carrier 1.61 


24 Pin Square Leadless Chip Carrier L63 
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28 Pin Square Leadless Chip Carrier L64 


(MIL-M-38510 04) 



44 Pin Square Leadless Chip Carrier L67 


(MIL-M-38510 05) 



Package Diagrams 
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Package Diagrams 


48 Pin Square Leadless Chip Carrier L68 


52 Pin Square Leadless Chip Carrier L69 




Note: 

Thermal studs not used on DESC approved SMD products. If other 
products ordered cannot have thermal studs, contact your local sales 
office for special arrangements. 
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Package Diagrams 


68 Pin Square Leadless Chip Carrier L81 


(MIL-M-38510 C-7) 



16 Lead (300 MIL) Molded DIP PI 


18 Lead (300 MIL) Molded DIP P3 




1S‘ 
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Package Diagrams 


20 Lead (300 MIL) Molded DIP P5 


22 Lead (400 MIL) Molded DIP P7 




0.110 


22 Lead (300 MIL) Molded DIP P9 


24 Lead (600 MIL) Molded DIP Pll 
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Package Diagrams 




40 Lead (600 MIL) Molded DIP P17 28 Lead (300 MIL) Molded DIP P21 
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Package Diagrams 


32 Pin Windowed Rectangular Leadless Chip Carrier Q55 20 Pin Windowed Square Leadless Chip Carrier Q61 



28 Pin Windowed Leadless Chip Carrier Q64 

-pin#i „ 

0.045 
0.055 

DIMENSIONS IN INCHES 

MIN. 

MAX. 



0.087 

0.114 


0.045 

' 0.066 
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Package Diagrams 



84 Pin J-Leaded Ceramic Chip Carrier R84 



0.158 REF. -i 





Package Diagrams 
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Package Diagrams 




24 Lead Molded SOIC S13 
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Package Diagrams 


28 Lead Windowed Cerpack T74 



20 Lead Molded SOJ V5 
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Package Diagrams 


20 Lead (300 MIL) Windowed Cerdip W6 



24 Lead (600 MIL) Windowed Cerdip W12 
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Package Diagrams 


24 Lead (300 MIL) Windowed Cerdip W14 



JL 

15 ° 


28 Lead (600 MIL) Windowed Cerdip W16 
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Package Diagrams 


28 Pin Ceramic Leaded Chip Carrier Y64 


RIGHT SIDE 



TOP VIEW 




Typical Marking for DIP Packages (P and D Type) 


PLACE OF MFG. 



XXYY IDENTIFIES SPECIFIC SHIPMENT IDENTIFIES THE SPECIFIC ASSEMBLY 

XX = YEAR LOTS TO CUSTOMERS. LOT THE PRODUCT CAME FROM. 

YY = WORK WEEK 

WEEK PARTS WERE MARKED (FOR PLASTIC) 

WEEK PARTS WERE SEALED (FOR HERMETIC) 


0047-1 
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Package Diagrams for Modules 


Package Diagrams 


40-Pin DIP Module HD01 
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40-Pin Ceramic DIP Module HD02 
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■QuQQa 
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DIMENSIONS IN INCHES 

MIN. 

MAX. 
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Package Diagrams 


40-Pin DIP Module HD03 
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0.100 0.015 0.050 

TYP 0.021 TYP 


32-Pin DIP Module HD04 




0.100 0 015 0.050 

TYP 0.021 TYP 
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Package Diagrams 



28-Pin DIP Module HD07 



0.015 0.100 

“^r" 0.021 “n r typ 


24-Pin DIP Module HD08 



MIN. 

MAX. 
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Package Diagrams 


28-Pin DIP Module HD09 
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DIMENSIONS IN INCHES 
MIN. 

MAX. 


36-Pin Vertical DIP Module HV01 


0.190 
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DIMENSIONS IN INCHES 
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Package Diagrams 


88-Pin Vertical DIP Module HV02 
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MIN. I 

-t l 
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40-Pin VDIP Module HV03 
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DIMENSIONS IN INCHES 


14-49 


J 





CYPRESS 

SEMKXNDUCTOR 


Package Diagrams' 


32-Pin DIP Module PD01 




32-Pin DIP Module PD02 




0.100_J L JL— 0015 

typ n r 0025 


J2J2 5 
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Q.0Q7 
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DIMENSIONS IN INCHES 

MIN. 

MAX. 
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Package Diagrams 


36-Pin Flat SIP Module PF01 


Top View 
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JLQQZ 

0.013 


DIMENSIONS IN INCHES 

MIN, 

MAX. 



44-Pin Flat SIP Module PF02 
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DIMENSIONS IN INCHES 

MIN. 

MAX. 
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Package Diagrams’ 


36-Pin Flat SIP Module PF03 
Top View 
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DIMENSIONS IN INCHES 
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0.125 DIA. 
+.001 2PLCS 


64-Pin Plastic SIMM Module PM01 
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Package Diagrams 


36-Pin SIP Module PS05 


Top View 
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40-Pin VDIP Module PV01 
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DIMENSIONS IN INCHES 


MIN, 
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Package Diagrams 


104-Pin VDIP Module PV02 
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64-Pin Plastic ZIP Module PZ01 
Bottom View 
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Sales Representatives and Distribution 


Direct Sales Offices 


California 

Cypress Semiconductor 
Corporate Headquarters 
3901 N. First Street 
San Jose, CA 95134 
(408) 943-2600 

Telex: 821032 CYPRESS SNJ UD 
TWX: 910 997 0753 
FAX: (408) 943-2741 

Cypress Semiconductor 
23586 Calabasas Rd., Ste. 201 
Calabasas, CA 91302 
(818) 884-7800 
FAX: (818) 348-6307 

Cypress Semiconductor 
2151 Michelson Dr., Ste. 240 
Irvine, CA 92715 
(714) 476-8211 
FAX: (714) 476-8317 

Cypress Semiconductor 
16496 Bernardo Center, Ste. 215 
San Diego, CA 92128 
(619) 487-9446 
FAX: (619) 485-9716 


Colorado 


Cypress Semiconductor 


4851 Independence St., Ste. 189 
Wheat Ridge, CO 80033 
(303) 424-9000 
FAX: (303) 424-0627 


Florida 

Cypress Semiconductor 
10014 N. Dale Mabry Hwy. 101 
Tampa, FL 33618 
(813) 968-1504 
FAX: (813) 968-8474 

Cypress Semiconductor 
76/0 Balmy Ct. 

Orlando, FL 32819 
(407)422-1890 
FAX: (407) 841-9927 

Illinois 

Cypress Semiconductor 
1530 E. Dundee Rd., Ste. 190 
Palatine, IL 60067 
(708) 934-3144 
FAX: (708) 934-7364 


Maryland 

Cypress Semiconductor 
5457 Twin Knolls Rd., Ste. 103 
Columbia, MD 21045 
(301) 740-2087 
FAX: (301) 997-2571 


Massachusetts 
Cypress Semiconductor 
2 Dedham Place, Ste. 1 
Dedham, MA 02026 
(617) 461-1778 
FAX: (617) 461-0607 

Minnesota 

Cypress Semiconductor 
14525 Hwy. 7, Ste. 115 
Minnetonka, MN 55345 
(612) 935-7747 
FAX: (612) 935-6982 


New York 

Cypress Semiconductor 
244 Hooker Ave., Ste. B 
Poughkeepsie, NY 12603 
(914) 485-6375 
FAX: (914) 485-7103 

Cypress Semiconductor 

Hauppauge Exec. Center 

300 Vanderbilt Motor Parkway, #100 

Hauppauge, NY 11788 

(516)231-0238 

FAX: (516) 544-4359 

North Carolina 

Cypress Semiconductor 
10805 Brass Kettle Rd. 

Raleigh, NC 27614 
(919) 870-0880 
FAX: (919) 870-0881 

Oregon 

Cypress Semiconductor 
6950 S.W. Hampton St., Ste. 230 
Portland, OR 97223 
(503) 684-1112 
FAX: (503) 684-1113 

Pennsylvania 
Cypress Semiconductor 
2 Neshaminy Interplex, Ste. 206 
Trevose, PA 19047 
(215) 639-6663 
FAX: (215) 639-9024 


Texas 

Cypress Semiconductor 
3 j 3 West Campbell Rd., Ste. 220 
Richardson, TX 75080 
(214) 437-0496 
FAX: (214) 644-4839 

Cypress Semiconductor 

Great Hills Plaza 

9600 Great Hills Trail, Ste. 150W 

Austin, TX 78759 

(512) 338-0204 

FAX: (512) 338-0865 


Texas (cont.) 

Cypress Semiconductor 
Twelve Greenway Plaza 
Suite 1100 
Houston, TX 77046 
(713) 621-8791 
FAX: (713)621-8793 

Cypress Semiconductor 
International— Europe 
51 Rue du Moulin a Papier, Bte 11 
1160 Brussels, Belgium 
Tel: (32) 2-672-2220 
Telex: 64677 CYPINT B 
FAX: (32) 2-660-0366 


France 

Cypress Semiconductor France 
Miniparc Bat. no 8 
Avenue des Andes, 6 
Z.A. de Courtaboeuf 
91952 Les Ulis Cedex, France 
Tel: (33) 1-69-07-55-46 
FAX: (33) 1-69-07-55-71 

Germany 

Cypress Semiconductor 
GmbH 

Hohenlindner Str. 6 
D-8016 Feldkirchen 
Tel: (49) 89-903-1071 
FAX: (49) 89-903-8427 


Italy 

Cypress Semiconductor 

Via San Quintino 28 

10121 Torino, Italy 

Tel: (39) 11-518-612 

FAX: (39) 11-515-421 or 11-517-421 

Japan 

Cypress Semiconductor Japan K.K. 
Fuchu-Minami Bldg., 2F 
9052-3, 1-Chome, Fuchu-Cho, 
Fuchu-Shi, Tokyo, Japan 183 
Tel: (81) 423-69-8211 
FAX: (81) 423-69-8210 


Sweden 

Cypress Semiconductor Scandinavia 

Kanalvagen 17 

18330 Taby, Sweden 

Tel: (46) 8-758-2055 

Telex: 15-560-TFCS 

FAX: (46) 8-792-1560 

United Kingdom 

Cypress Semiconductor U.K., Ltd. 

3, Blackhorse Lane, 

Hitchin, 

Hertfordshire, U.K., SG4 9EE 
Tel: (44) 462-420566 
FAX: (44) 462-421969 




Sales Representatives and Distribution 


North American Sales Representatives 


Alabama 

CSR, Inc. 

303 Williams Ave., Ste. 931 
Huntsville, AL 35801 
(205) 533-2444 
TWX: 510-600-2831 
FAX: (205) 536-4031 

Arizona 

Thom Luke Sales, Inc. 

2940 North 67th PI., Ste. H 
Scottsdale, AZ 85251 
(602) 941-1901 
FAX: (602) 941-4127 


Florida (cont.) 

CM Marketing 
106 Polo Lane 
Sanford, FL 32773 
(407) 330-0529 
FAX: (407) 330-0563 

Georgia 
CSR, Inc. 

1651 Mt. Vernon Rd., Ste. 200 
Atlanta, GA 30338 
(404) 396-3720 
TWX: 510 600 2162 
FAX: (404) 394-8387 


California 

Taarcom 

451 N. Shoreline Blvd. 

Mountain View, CA 94043 

(415) 960-1550 
FAX: (415) 960-1999 

Canada 

Electronic Sales Prof. 

447 McLeod St., Ste. 3 
Ottawa, Ontario KIR 5P5 
(613) 236-1221 
FAX: (631)236-7119 

Electronic Sales Prof. 

5200 Dixie Road, Ste. 201 
Mississauga, Ontario L4W 1E4 

(416) 626-8221 
FAX: (416) 238-3277 

Electronic Sales Prof. 

4250 Sere Street 

St. Laurent, Quebec H4T 1A6 

(514) 737-9344 

FAX: (514) 737-4128 

Electronic Sales Prof. 

84 Woodland Dr. 

Delta British Columbia V4L 2CL 
(604) 943-5020 
FAX: (604) 943-8184 

Electronic Sales Prof. 

103 Castle Frank 
Kanata, Ontario K2L 2Y1 
(613) 831-0920 
FAX: (613) 836-4725 

Connecticut 

HLM 

3 Pembroke Rd. 

Danbury, CT 06813 
(203) 791-1878 
FAX: (203) 791-1876 

Florida 

CM Marketing 
1435D Gulf to Bay Blvd. 
Clearwater, FL 34615 
(813) 443-6390 
FAX: (813) 443-6312 

CM Marketing 
6091-A Buckeye Ct. 

Tamarac, FL 33319 
(305) 722-9369 
FAX: (305) 726-4139 


Illinois 

Micro Sales Inc. 

54 West Seegers Road 
Arlington Hts., IL 60005 

S 956-1000 
:: 510 600 0756 
FAX: (708) 956-0189 

Indiana 

Technology Mktg. Corp. 

599 Industrial Dr. 

Carmel, IN 46032 
(317) 844-8462 
FAX: (317) 573-5472 

Technology Mktg. Corp. 
4630-10 W Jefferson Blvd. 

Ft. Wayne, IN 46804 
(219)432-5553 
FAX: (219) 432-5555 

Iowa 

Midwest Tech. Sales 
1930 St. Andrews N.E. 

Cedar Rapids, IA 52402 
(319) 393-5115 
FAX: (319)393-4947 

Kansas 

Midwest Tech. Sales 
21901 La Vista 
Goddard, KS 67052 
(316) 794-8565 

Midwest Tech Sales 
15301 W. 87 Parkway, Ste. 200 
Lenexa, KS 66219 
(913) 888-5100 
FAX: (913) 888-1103 

Kentucky 

Technology Mktg. Corp. 

4012 DuPont Circle, Ste. 414 
Louisville, KY 40207 
(502) 893-1377 
FAX: (502) 896-6679 

Michigan 

Techrep 

2550 Packard Road 
Ypsilanti, MI 48197 

(313) 572-1950 
FAX: (313) 572-0263 


Missouri 

Midwest Technical Sales 
514 Earth City Expwy., #239 
Earth City, MO 63045 

(314) 298-8787 
FAX: (314) 298-9843 

New Jersey 
HLM 

1300 Route 46 
Parsippany, NJ 07054 
(201)263-1535 
FAX: (201) 263-0914 

HLM 

281 Schoolhouse Rd. 

Mouroe Township, NJ 08831 
(201) 263-1535 
FAX: (201) 263-0914 

New Mexico 
Techni-Source, Inc. 

1101 Cardenas NE #103 
Albuquerque, NM 87110 
(505)268-4232 
FAX: (505) 268-0451 

New York 
HLM 

P.O Box 328 
Northport, NY 11768 
(516) 757-1606 
FAX: (516) 757-1636 

Reagan/Compar 
3449 St. Paul Blvd. 

Rochester, NY 14617 
(716) 271-2230 
(716)266-8716 

Reagan/Compar 

214 Dorchester Ave., #3C 

Syracuse, NY 13203 

(315) 432-8232 
FAX: (315) 432-8238 

Reagan/Compar 
3215 East Main St. 

P.O. Box 135 
Endwell, NY 13760 
(607) 754-2171 
FAX: (607) 754-4270 

Ohio 

KW Electronic Sales, Inc. 

8514 North Main Street 
Dayton, OH 45415 
(513) 890-2150 
TWX: 510 601 2994 
FAX: (513) 890-5408 

KW Electronic Sales, Inc. 

3645 Warrensville Center Rd. #244 
Shaker Heights, OH 44122 
(216) 491-9177 
TWX: 62926868 
FAX: (216) 491-9102 
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North American Sales Representatives (continued) 


Pennsylvania 
L. D. Lowery 
2801 West Chester Pike 
Broomall, PA 19008 
(215) 356-5300 
FAX: (215) 356-8710 

KW Electronic Sales, Inc. 

A118 McKnight Circle 
Pittsburgh, PA 15237 
(412) 366-9396 
FAX: (412) 366-9483 

Puerto Rico 

Electronic Technical Sales, Inc. 
P.O. Box 10758 
Caparra Heights Station 
San Juan, P.R. 00922 
18091 798-1300 


Tennessee 
CSR, Inc. 

3133 Curtis Lane 
Knoxville, TN 37918 
(615) 689-7911 
TWX: 510 600 2162 
FAX: (615) 689-7932 

Utah 

Sierra Technical Sales 
4700 South 9th, East 30-150 
Salt Lake city, UT 84117 
(801) 566-9719 
FAX: (801) 565-1150 


Washington 
Electronic Sources 
1603 116th Ave. NE, Ste. 115 
Bellevue, WA 98004 
(206) 451-3500 
FAX: (206) 451-1038 

Wisconsin 
Micro Sales Inc. 

16800 W. Greenfield Ave. 
Suite 116 

Brookfield, WI 53005 
(414) 786-1403 
FAX: (414) 786-1813 
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Sales Representatives and Distribution 


International Sales Representatives 


Australia 
Braemac Pty. Ltd. 

1045-1047 Victoria Rd., West Ryde 
N.S.W. 2114, Australia 
Tel: (61) 2-858-5966 
FAX: (61) 2-858-5085 

Braemac Pty. Ltd. 

10-12 Prospect St., Box Hill 
Victoria, 3128, Australia 
Tel: (61) 3-899-1272 
FAX: (61) 3-899-1276 

Austria 

Hitronik Vertriebsge GmbH 
St. Veitgasse 51 
A- 1130 Wien, Austria 
Tel: (43) 222-828-4199 
Telex: 133404 HIT A 
FAX: (43) 222-828-5572 

Belgium 
Microtronica 
Research Park Zellik 
Pontbeeklaan 43 
B-1730Asse Zellik 
Tel: (32) 2-466-7260 
Telex: 64709 MICRO b 
FAX: (32) 2-466-4697 

Denmark 

Nordisk Electronik 
Transformervej 17 
DK-2730 Herlev 
Tel: (45) 2-84-2000 
Telex: 35200 NORDEL DK 
FAX: (45) 2-92-1552 

Finland 

OY Fintronic AB 
Italahdenkatu 22 
SF-00210 Helsinki 
Tel: (358)0-692-6002 
Telex: 124224 FTRON SF 
FAX: (358) 0-674-886 

France 

Newtek 

Rue de LEsterel, 8, Silic 583 
F-94663 Rungis Cedex 
Tel: (33) 1-46-87-22-00 
Telex: 263046 F 
FAX: (33) 1-46-87-80-49 

Jermyn + Generim 
Rue des Solets, 73/79 
Silic 585 

94663 Rungis Cedex, France 
Tel: (33) 1-4978-4400 
Telex: 260967 
FAX: (33) 1-4978-0599 

Jermyn + Generim 

Avenue Barthelemy, 2-12 

Thimmonier 

69300 Caluire, France 

Tel: (33) 72-27-15-27 

Telex: 306101 

FAX: (33) 72-27-14-27 


France (cont.) 

Jermyn + Generim 
Domaine Chevalier, 31 
83440 Tourrettes, France 
Tel: (33) 61-57-96-95 

Jermyn + Generim 
Rue Pierre Cazeneuve, 60 
31200 Toulouse, France 
Tel: (33) 61-57-96-95 

Jermyn + Generim 
Immeuble Saint-Christophe 
Rue de la Frebardiere 
B.P. 42— ZI. Sud Est 
35135 Chantepie, France 
Tel: (33) 99-41-70-44 
Telex: 741321 
FAX: (33) 99-50-11-28 

Jermyn + Generim 
Rue des Acacias, 60 
Herrin 

59147 Gondecourt, France 
Tel: (33) 20-32-30-95 

Newtek 

Rue de l’Europe, 4 
Zac Font-Ratel 
38640 Claix, France 
Tel: (33) 16-76-98-56-01 
FAX: (33) 16-76-98-16-04 

Germany 

API Electronik GmbH 
Lorenz-Brarenstr 32 
K-8062 Markt, Indersdorf 
Tel: (49) 81-36-70-92 
Telex: 527 0505 
FAX: (49)81-36-73-98 

Astek GmbH 
Gottlieb-Daimlerstr. 7 
D-2358 Kaltenkirchen 
Tel: (49) 41-91 87-11-15 
Telex: 2180120 ASK D 
FAX: (49) 41-91-80-07-33 

Metronik GmbH 
Leonhardsweg 2, Postfach 1328 
D-8025 Unterhaching Munich 
Tel: (49) 89-611-080 
Telex: 17 897434 METRO D 
FAX: (49) 89-611-6468 

Metronik GmbH 
Laufamholzstrasse 118 
D-8500 Numberg 
Tel: (49) 911-59-00-61 
Telex: 6 26 205 
FAX: (49) 911-62-62-05 

Metronik GbmH 
Lowenstrasse 37 
D-7000 Stuttgart 70 
Tel: (49) 711-76-40-43 
Telex: 7-255-228 
FAX: (49) 711-76-51-81 


Metronik GmbH 

Siemensstrasse 4-6 

D-6805 Heddesheim B., Manheim 

Tel: (49) 62-03-47-01 

Telex: 465 035 

FAX: (49) 62-46-50-35 

Germany (cont.) 

Metronik GmbH 
Semerteichstrasse 92 
D-4600 Dortmund 30 
Tel: (49) 231-42-30-37 
Telex: 8 227 082 
FAX: (49) 231-41-82-32 

Metronik GmbH 

Buckhomer Moor 81 

D-4600 Norderstedt bei Hamburg 

Tel: (49) 405-22-80-91 

Telex: 2162488 

FAX: (49) 405-22-80-93 

Hong Kong 

Tekcomp Electronics, Ltd. 

514 Bank Centre 
636, Nathan Road 
Kowloon, Hong Kong 
Tel: (852) 3-710-8121 
Telex: 38513 TEKHL 
FAX: (852) 3-710-9220 

Israel 

Talviton Electronics 

P.O. Box 21104, 9 Biltmore Street 

Tel Aviv 61 210 

Tel: (972) 3-444572 

Telex: 33400 VITKO 

FAX: (972) 3-455626 

Italy 

Cramer Italia s.p.a. 

Via C. Colombo, 134 
1-00147 Roma 
Tel: (39) 6-517-981 
Telex: 611517 Cramer I 
FAX: (39) 6-514-0722 

Dott. Ing. Guiseppe De Mico s.p.a. 
V. Le Vittorio Veneto, 8 

1- 20060 Cassina d’Pechi 
Milano 

Tel: (39) 29-52-05-51 
Telex: 330869 DEMICO I 
FAX: (39) 29-52-22-27 

Japan 

Tomen Electronics Corp. 

2- 1-1 Uchisaiwai-Cho, Chiyoda-Ku 
Tokyo, 100, Japan 

Tel: (81) 3-506-3673 
Telex: 23548 TMELCA 
FAX: (81) 3-506-3497 

C. Itoh Techno-Science Co. Ltd. 
4-8-1, Tsuchihashi, 

Miyamae-ku, Kawasaki-shi, 
Kanagawa 213 Japan 
Tel: (81) 44-852-5121 
Telex: 3842272 CTCEC J 
FAX: (81) 44-877-4268 
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International Sales Representatives (continued) 


Japan (cont) 

Fuji Electronics Co., Ltd. 

Ochanomizu Center Bldg. 

3- 2-12 Hongo, Bunkyo-ku 
Tokyo, 113, Japan 

Tel: (81) 3-814-1411 
Telex: J28603 FUJITRON 
FAX: (81)3-814-1414 

International Semiconductor Inc. (ISI) 
The Second Precisa Bldg., 3F 

4- 8-3 Iidabashi Chiyoda-ku 
Tokyo, 102, Japan 

Tel: (81) 3-264-3301 
Telex: J29503 ISI JAPAN 
FAX: (81) 3-264-3419 

Korea 

Hanaro Corporation 
Daeyoung Bldg., 2nd Floor 
643-8, Yeoksam-Dong, 

Kangnam-Ku 
Seoul, Korea 
Tel: (82) 2-558-1144 
FAX: (82) 2-558-0157 

Netherlands 

Semicon B.V. 

Gulberg 33, NL-5674 
Te Nuenen 
The Netherlands 
Tel: (31) 40-837-075 
Telex: 59418 INTRA NL 
FAX: (31) 40-838-635 


Norway 

Nortec Electronics A/S 
Smedsvingen 4, PO. Box 123 
N-1364 Hvalstad 
Tel: (47) 2-846-210 
Telex: 77546 NENAS N 
FAX: (47) 2-846-545 

Singapore 
Desner Electronics 
42 Mactaggart Rd. 

#04-01 Mactaggart Bldg. 
Singapore 1336 
Tel: (65) 22-51-566 
FAX: (65) 28-49-466 

Spain 

Comelta S.A. 

Emilio Munoz, 41 Nave 1-1-2 
E-Madrid 17, Spain 
Tel: (34) 1-754-3001 
Telex: 42007 CETA-E 
FAX: (34) 1-754-2151 

Comelta S.A. 

Pedro IV 8 4-5 Planta 
08005 Barcelona, Spain 
Tel: (34) 3-007-7712 

Sweden 

Nordisk Electronk AB 
P.O. Box 36 
Torshamnsgatan 39 
S-164 93 Kista 
Tel: (46) 8-703-4630 
Telex: 10547 NORTRON S 
FAX: (46) 8-703-9845 


Switzerland 

BASIX fur Elektronik AG 
Hardturmstrasse 181 
CH-8010 Zurich 
Tel: (41) 1-276-1111 
Telex: 822762 BAEZ CH 
FAX: (41) 1-276-1234 

Taiwan R.O.C. 

Prospect Technology Corp. 

5, Lane 55, Long-Chiang Road 
Taipei, Taiwan 
Tel: (886) 2-721-9533 
Telex: 14391 PROSTECH 
FAX: (886) 2-773-3756 

United Kingdom 

Pronto Electronic System Ltd. 
City Gate House 
Eastern Avenue, 399-425 
Gants Hill Ilford, Essex IG2 6LR 
Tel: (44) 1-554-6222 
Telex: 8954213 PRONTO G 
FAX: (44) 1-518-3222 

Ambar Cascom Ltd. 

Rabans Close 

Aylesbury, Bucks HP 19 3RS 
Tel: (44) 296-434-141 
Telex: 837427 
FAX: (44) 296-296-70 



SEMKXMXJCTOR 


Distribution 

Arrow Electronics: 

Alabama 

Huntsville, AL 35816 
(205) 837-6955 

Arizona 

Phoenix, AZ 85040 
(602) 437-0750 

California 

Chatsworth, CA 91311 
(818) 701-7500 

San Diego, CA 92123 
(619) 565-4800 

Sunnyvale, CA 94089 
(408) 745-6600 

TUstin, CA 92680 
(714) 838-5422 

Canada 

Mississauga, Ontario L5T 1H3 
(416)672-7769 

Montreal, Quebec H4P 1W1 
(514) 735-5511 

Neapean, Ontario K2E 7W5 
(613)226-6903 

Quebec . Quebe c GIN 2C9 
(418)687-4231 

Colorado 

Englewood, CO 80112 
(303)790-4444 


Connecticut 
Wallingford, CT 06492 
(203) 265-7741 


Florida 

Deerfield Beach, FL 33441 
(305) 429-8200 

Lake Mary, FL 32746 
(407)323-0252 


Sales Representatives and Distribution 


Georgia 

Norcross, GA 30071 
(404) 449-8252 

Illinois 

Itasca, IL 60143 

(312) 250-0500 

Indiana 

Indianapolis, IN 42641 
(317)243-9353 

Kansas 

Lenexa, KS 66214 
(913) 541-9542 

Maryland 

Columbia, MD 21046 
(301)995-6002 

Massachusetts 
Wilmington, MA 01887 
(617)658-0900 

Michigan 

Ann Arbor, MI 48108 

(313) 971-8220 

Grand Rapids, MI 49508 
(616)243-0912 

Minnesota 
Edina, MN 55435 
(612) 830-1800 

New Hampshire 
Manchester, NH 03103 
(603)668-6968 

New Mexico 

Albuquerque, NM 87106 
(505)243-4566 

New Jersey 
Parsippany, NJ 07054 
(201) 538-0900 

New York 

Rochester, NY 14623 
(716) 427-0300 


Hauppauge, NY 11788 
(516)231-1000 

Marlton, NY 08053 
(609) 596-8000 

North Carolina 
Raleigh, NC 27604 
(919)876-3132 

Ohio 

Centerville, OH 45459 
(513)435-5563 

Solon, OH 44139 
(216)248-3990 

Oklahoma 
TUlsa, OK 74146 
(918) 252-7537 

Oregon 

Beaverton, OR 97006 
(503) 645-6456 

Pennsylvania 
Monroeville, PA 15146 
(412)856-7000 

Texas 

Austin, TX 78758 
(512)835-4180 

Carrollton, TX 75006 
(214) 380-6464 

Houston, TX 77099 
(713)530-4700 

Washington 
Kent, WA 98032 
(206) 575-4420 

Wisconsin 

Brookfield, WI 53005 
(414) 792-0150 
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Sales Representatives and Distribution 


Distribution (continued) 

Marshall Industries: 

Alabama 

Huntsville, AL 35801 
(205) 881-9235 

Arizona 

Phoenix, AZ 85044 
(602) 496-0290 

California 

Marshall Industries, Corn. Headquarters 
El Monte, CA 91731-3004 
(818) 459-5500 

Irvine, CA 92718 
(714) 458-5301 

Chatsworth, CA 91311 
(818) 407-4100 

Rancho Cordova, CA 95670 
(916)635-9700 

San Diego, CA 92131 
(619) 578-9600 

Milpitas, CA 95035 
(408) 942-4600 

Canada 

Brampton, Ontario 
(416) 458-8046 

Montreal, Ontario 
(514) 848-9112 

Ottawa, Ontario 
(613) 564-0166 

Pointe Claire, Quebec 
(514) 683-9440 

Colorado 

Thornton, CO 80241 
(303) 451-8383 

Connecticut 

Wallingford, CT 06492-0200 
(203) 265-3822 

Florida 

Ft. Lauderdale, FL 33309 
(305) 977-4880 

Altamonte Springs, FL 32701 
(305) 767-8585 


St. Petersburg, FL 33716 
(813) 573-1399 

Georgia 

Norcross, GA 30093 
(404)923-5750 

Illinois 

Schaumbrug, IL 60173 

(312) 490-0155 

Indiana 

Indianapolis, IN 46278 
(317) 297-0483 

Kansas 

Lenexa, KS 66214 
(913) 492-3121 

Maryland 

Silver Springs, MD 20910 
(301)622-1118 

Massachusetts 
Wilmington, MA 01887 
(617) 658-0810 

Michigan 
Livonia, MI 48150 

(313) 525-5850 

Minnesota 
Plymouth, MN 55441 
(612) 559-2211 

Missouri 

Bridgeton, MO 63044 

(314) 291-4650 

New Jersey 
Fairfield, NJ 07006 
(201) 882-0320 

Mt. Laurel, NJ 08054 
(609) 234-9100 

New York 

Johnson City, NY 13790 
(607) 798-1611 

Hauppauge, LI, NY 11788 
(516)273-2424 

Rochester, NY 14624 
(716) 235-7620 


North Carolina 
Raleigh, NC 27604 
(919)878-9882 

Ohio 

Solon, OH 44139 
(216) 248-1788 

Dayton, OH 45414 
(513) 898-4480 

Oklahoma 
Tulsa, OK 74146 
(918) 622-7151 

Oregon 

Beaverton, OR 97005 
(503) 644-5050 

Pennsylvania 
Mt. Laurel, NJ 08054 
(609) 234-9100 

Pittsburgh, PA 15238 
(412) 788-0441 

Austin, TX 78754 
(512) 837-1991 

Carrollton, TX 75006 
(214) 233-5200 

El Paso, TX 79935 
(915) 593-0706 

Harlingen, TX 78550 
(512) 542-4589 

Houston, TX 77040 
(713) 895-9200 

Utah 

Salt Lake City, UT 84115 
(801) 485-1551 

Washington 
Bothell, WA 98011 
(206) 486-5747 

Wisconsin 

Waukesha, WI 53186 
(414) 797-8400 
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Sales Representatives and Distribution 


Distribution (continued) 

Semad: 

Toronto 

Markham, Ontario L3R 4Z4 

(416)475-3922 

FAX: (416) 475-4158 

Montreal 

Pointe Claire, Quebec H9R 427 
(514) 694-0860 
1-800-363-6610 
FAX: (514) 694-0965 

Ottawa 

Ottawa, Ontario K2C 0R3 

(613)727-8325 

FAX: (613) 727-9489 

Vancouver 

Burnaby, British Columbia V3N 4S9 
(604) 420-9889 
1-800-663-8956 
FAX: (604) 420-0124 

Calgary 

Calgary, Alberta T2H 2S8 
(403) 252-5664 
FAX: (604) 420-0124 

Falcon Electronics: 

Hauppauge, LI, NY 11788 
(516)724-0980 

Framingham, MA 01701 
(617) 520-0323 

Milford, CT 06460 
(203) 878-5272 

Baltimore, MD 
(301) 247-5800 

Winter Park, FL 
(407) 671-3739 


Anthem Electronics, Inc.: 

Zeus Components, Inc.: 

Tempe, AZ 85281 
(602)966-6600 

Agoura Hills, CA 91301 
(818)889-3838 

Chatsworth, CA 91311 
(818) 700-1000 

Yorba Linda, CA 92686 
(714) 921-9000 

East Irvine, CA 92718 
(714) 768-4444 

San Jose, CA 95131 
(408)998-5121 

Sacramento, CA 95834 
(916) 624-9744 

Oviedo, FL 32765 
(305)365-3000 

San Jose, CA 95131 
(408) 295-4200 

Lexington, MA 02173 
(617) 863-8800 

San Diego, CA 92121 
(619) 453-9005 

Columbia, MD 21045 
(301) 997-1118 

Englewood, CO 80112 
(303) 790-4500 

Port Chester, NY 10573 
(914) 937-7400 

Meriden, CT 06450 
(203) 237-2282 

Ronkonkoma, NY 11779 
(516) 737-4500 

Clearwater, FL 34623 
(813) 796-2900 

Dayton, OH 45439 
(513) 293-6162 

Norcross, GA 30093 
(404) 381-0866 

Richardson, TX 75081 
(214) 783-7010 


Elk Grove Village, IL 60007 
(312) 640-6066 


Wilmington, MA 01887 
(508)657-5170 

Columbia, MD 21045 
(301)995-6640 

Eden Prairie, MN 55344 
(612)944-5454 

Fairfield, NJ 07006 
(201) 227-7960 

Hauppauge, NY 11787 
(516)273-1660 

Worthington, OH 43085 
(614) 888-9707 

Beaverton, OR 97005 
(503) 603-1114 

Horsham, PA 19044 
(215) 443-5150 

Richardson, TX 75081 
(214) 238-7100 

Salt Lake City, UT 84119 
(801) 973-8555 

Redmond, WA 98052 
(206) 881-0850 










Cypress Semiconductor 
3901 North First Street 
San Jose, CA 95 134 
(408)943-2600 



